Male risk factors for subfertility: a prospective cohort study by McKinnon, Craig James
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2019


















MALE RISK FACTORS FOR SUBFERTILITY: 
 










CRAIG JAMES McKINNON 
 
B.A., University of Massachusetts, Amherst, 2001 








Submitted in partial fulfillment of the 
 
requirements for the degree of 
 







































© 2019 by 
 Craig J. McKinnon 








First Reader   
 Lauren A. Wise, ScD 





Second Reader   
 Elizabeth E. Hatch, PhD 





Third Reader   
 Kenneth J. Rothman, DrPH 





Fourth Reader   
 Michael L. Eisenberg, MD 
 Associate Professor of Urology 




 I would like to thank Lauren Wise, my committee chair, for her unending support, 
feedback, and advice.  Thank you so much for your all that you have done, without your 
guidance and support, I can’t imagine how this I could have achieved this. Thank you to 
my committee members Tizzy Hatch, Ken Rothman, and Michael Eisenberg, your 
guidance was key in bringing this project to fruition. I would also like to thank Yael 
Nillni for her help in expanding my knowledge beyond Epidemiology and into the 
specifics of the science behind these studies.  I would like to thank my external reader 
Lindsey Sjaarda, who provided an insightful and very helpful review of this project. 
 Thank you to my classmates at Boston University. Having such a supportive and 
helpful group to rely on provided me with unmeasurable aid while striving for this goal.  
 I would like to thank Rachael White, your love and support were vital to this 
process, and your example of going above and beyond made the impossible seem 
possible. 
Finally, I would like to thank my family. We have made public health a family 
business and I leaned hard on you during this time and you were always there for me. 
Without your support none of this would have happened. 
  
		 v 
MALE RISK FACTORS FOR SUBFERTILITY: 
 
A PROSPECTIVE COHORT STUDY 
CRAIG JAMES McKINNON 
Boston University School of Public Health, 2019 
Major Professor: Lauren A. Wise, Sc.D., Professor of Epidemiology 
 
ABSTRACT 
Infertility, defined as the inability to achieve clinical pregnancy after ≥12 months 
of regular unprotected intercourse, is a growing problem in North America and the world.  
Estimates place the percentage of couples experiencing infertility at around 15% in North 
America. Currently, the U.S. health care costs for infertility treatment exceed $5.5 billion, 
with these costs expected to increase as more couples use assisted reproductive 
technologies (ART). Additionally, fertility issues are associated with psychological and 
financial hardship for affected couples, and ART use has been associated with adverse 
pregnancy outcomes.  
One vital area of research that has been drastically understudied is male fertility. 
Male factors are found to contribute to 30-50% of all infertility diagnoses, but the vast 
majority of studies focus on women. This dissertation uses data from Pregnancy Study 
Online (PRESTO), a preconception cohort study of pregnancy planners from North 
America, to examine the role several male exposures have on fertility. 
In the first study, we examined the association between a history of diagnosed 
depression, current depressive symptoms, and psychotropic medication (PM) use with 
fecundability. We found that a history of diagnosed depression, as well as current 
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depressive symptoms, showed slight evidence of an association with decreased 
fecundability, though this result was compatible with chance. Current psychotropic 
medication (PM) and antidepressant use were associated with reduced fecundity, 
particularly among those with current depressive symptoms. Current PM and selective 
serotonin reuptake inhibitor (SSRI) use mediated part but not all of the relationship 
between current depressive symptoms and fecundability.  
In the second paper, we studied the role of testicular heat exposure in declining 
fertility. We estimated the extent to which selected male heat exposures, including use of 
saunas, hot tubs, and hot baths; use of restrictive underwear; time spent sitting; use of car 
seat heaters; use of a laptop computer on one’s lap; and fever within the last 3 months 
affected fecundability. Additionally, we attempted to create a composite heat score to 
measure cumulative heat exposure.  We found small inverse associations for sauna use, 
hot tub/bath use, and seat heater use in the winter with fecundability.  Additionally, we 
found evidence of threshold for overall exposure to multiple heat factors.  
The third paper focused specifically on occupational stress exposure, an 
understudied source of exposure to stress. These occupational stressors included 
employment status (employed or unemployed), number of hours worked, time of day 
mainly worked, and a measure of job independence. We found that working non-daytime 
shifts and being unemployed were associated with slightly decreased fecundability in 
men. However, total hours worked per week and job independence score showed little 
relation to reduced fecundability.  
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The World Health Organization defines infertility as the inability to achieve 
clinical pregnancy after ≥12 months of regular unprotected intercourse.1 Approximately 
15% of North American couples experience infertility,2 and U.S. health care costs for 
treatment exceed $5.5 billion.3 These costs will continue to rise as the percentage of 
women aged 22-44 years using assisted reproductive technologies (ART) continues to 
increase (e.g., from 0.1% in 1995 to 0.6% in 2006-2010).4 Infertility is associated with 
psychological and financial hardship for affected couples,5,6 and ART use has been 
associated with adverse pregnancy outcomes.7–11 Thus, it is of vital importance to 
investigate modifiable determinants of infertility.   
One drastically understudied aspect of infertility is the role that male fertility 
issues play.  Male factors are known to contribute to 30-50% of all infertility 
diagnoses.12,13 And male issues appear to be on the rise. A recent review of 185 studies of 
42,935 men provided evidence of a decline in sperm concentration in Western countries 
over the last 40 years (1973-2011).14 The reasons for this decline, however, are not clear.  
In addition to being understudied, investigations into male fertility have primarily 
focused on semen quality.  This is concerning as studying sperm parameters is 
suboptimal given that semen quality is known to be a poor proxy for fecundity.12,15–18 The 
direct study of male fertility as opposed to an intermediate such as sperm characteristics 
is much more effective and informative. This dissertation investigated fecundability, the 
probability of becoming pregnant in a single menstrual cycle, among non-contraceptive 
using couples. We examined several modifiable risk factors using data from Pregnancy 
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Study Online (PRESTO), a preconception cohort study of pregnancy planners from North 
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2 ASSOCIATION OF DEPRESSION, DEPRESSIVE SYMPTOMS, AND 
PSYCHOTROPIC MEDICATION USE WITH MALE FECUNDABILITY 
2.1 INTRODUCTION 
 According to the World Health Organization, major depressive disorder 
(“depression”) is the leading cause of disability worldwide, with over 300 million 
individuals affected.1 In the United States, the lifetime prevalence of major depressive 
disorder is 15% .2 Depression is a well-established consequence of infertility.3–10 
However, the extent to which depression is a cause of infertility is unclear. Depression 
has been associated with reduced male fecundability in multiple studies,11–16 but most 
studies have been conducted among couples seeking infertility treatment, have been 
retrospective in design, or have been limited in geographic variation or racial/ethnic 
diversity.  One prospective cohort study matching affected (depressed) and unaffected 
(non-depressed) siblings reported that depression was associated with reduced male 
fecundability.11 Another cohort study, conducted in two randomized trials for non-in vitro 
fertilization (IVF) treatment of infertility, reported an association between current 
depressive symptoms, as measured using the Patient Health Questionnaire (PHQ-9),17 	
and decreased fecundability.12 There have been no other prospective studies of the effect 
of male depression on fecundability. 
Treatment for depression often involves the use of psychotropic medications 
(PM). In North America, approximately 29% of depressed individuals are PM users,18 
and overall use of PM has grown steadily in recent years.19–22 There have been no studies 
measuring the effect of male PM use on directly-measured fertility outcomes (e.g., 
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fecundability or live birth rates), but multiple studies have evaluated effects on semen 
quality. For instance, commonly-used selective serotonin reuptake inhibitors (SSRIs) 
have been associated with reduced semen quality in in vitro studies,23,24 animal 
studies,25,26 and epidemiologic studies.27–29 The potential harmful effects of medications 
on fertility are not limited to SSRIs. In an in vitro study, tricyclic antidepressants were 
found to inhibit sperm motility;;30 additionally a case-control study found that treatment 
with tricyclic antidepressants was associated with reduced semen volume and sperm 
motility.31 Serotonin-norepinephrine reuptake inhibitors (SNRI) have shown slight 
reductions in semen quality in rats.32 Another mechanism by which PM use could 
plausibly affect fertility is erectile dysfunction.33–35 To the extent that depression severity 
is associated with greater PM use, confounding by indication could explain the positive 
associations between PM use and adverse reproductive effects seen in previous studies. 
In the present study, we prospectively investigated the association between depression 
and PM use with male fecundability.36–40 Additionally, we evaluated whether current PM 
use, intercourse frequency, or hours of sleep per night were mediators of the relationship 
between current depressive symptoms and fecundability. We also examined whether 
erectile dysfunction mediated the relationship between PM use and fecundability. 
2.2 METHODS 
2.2.1 Study design and population 
Pregnancy Study Online (PRESTO) is an ongoing web-based preconception 
cohort study. The study methods have been described in detail elsewhere.41 Briefly, 
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women aged 21-45 years residing in the U.S. or Canada, and who are not using 
contraception or receiving fertility treatment are eligible for participation. Female 
participants complete an online baseline questionnaire with items on demographics, 
behavioral factors, medical and reproductive history, and medication use. After 
completion of the baseline questionnaire, females are given the option to invite their male 
partners to participate. Males aged ≥21 years are eligible. Male participation involves 
completion of a baseline questionnaire similar to the female baseline questionnaire. 
Females complete follow-up questionnaires every 8 weeks for up to 12 months. The 
study was approved by the Institutional Review Board at Boston Medical Center, and 
online informed consent was obtained from all participants. 
2.2.2 Exclusions 
From June 2013 through November 2018, 8,773 eligible women completed the 
baseline questionnaire.  We excluded 102 women whose baseline date of last menstrual 
period (LMP) was >6 months before study entry and 35 women with missing/implausible 
LMP data. In order to reduce potential for differential exposure misclassification (i.e., 
subfertility causing changes in behavior) we then excluded 1,762 women who had been 
trying to conceive for more than 6 cycles at enrollment,). Of the 6,874 remaining female 
participants, 3,721 (54%) invited their male partners to participate, and 1,743 males 
(47%) enrolled. 
2.2.3 Assessment of Exposure 
On the male baseline questionnaire, participants were asked if they had ever been 
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diagnosed with depression, the year they were first diagnosed, whether they had ever 
taken any medication for depression or anxiety, whether they had taken any prescribed 
medication for depression or anxiety within the last 4 weeks, and the name of the 
prescribed medication. Each participant filled out the Major Depression Inventory (MDI), 
reporting depressive symptoms experienced during the previous 2 weeks, comprising 12 
questions with a possible range of scores of 0–50. The MDI has been validated in 
multiple studies, including both population-based and patient-based studies.42–44 It has 
high sensitivity (0.86) and specificity (0.86) compared with clinician-diagnosed major 
depressive disorder.44 
2.2.4 Assessment of outcome 
At baseline, females reported their date of last menstrual period (LMP), their 
usual menstrual cycle length, and the number of cycles they had been attempting 
conception. On each follow-up questionnaire, they reported their most recent LMP date 
and whether they had become pregnant since the previous questionnaire. Total discrete 
menstrual cycles at risk were calculated as follows: menstrual cycles of attempt at study 
entry + [(LMP from most recent follow-up questionnaire - date of baseline questionnaire 
completion)/usual menstrual cycle length] +1. Couples contributed observed cycles of 
attempt time to the analysis from baseline until reported conception, loss to follow-up, 
withdrawal, initiation of fertility treatment, or 12 total cycles of attempt time including 
attempt time at entry, whichever came first. (Typically amount of time after which 
couples seek fertility treatment) 
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2.2.5 Assessment of covariates 
On the baseline questionnaire, both partners reported their age, race/ethnicity, 
education, height, and weight. On the male baseline questionnaire, men self-reported on 
physical activity, alcohol intake, smoking history, sleep duration, erectile dysfunction, 
any history of infertility, and whether they had previously fathered a child. On the female 
baseline questionnaire women reported intercourse frequency. Body mass index (BMI) 
was calculated as weight in kilograms divided by height in meters squared. Total 
Metabolic Equivalents of Task (MET) of physical activity were calculated by multiplying 
the average number of hours per week engaged in various activities by metabolic 
equivalents estimated from the Compendium of Physical Activities.45,46 
2.2.7 Data analysis 
Data analysis.  We analyzed a history of diagnosed depression (ever vs. never). 
Using standard criteria, MDI score was categorized as low (MDI <20), mild (MDI=20-
24), moderate (MDI=25-29) and severe (MDI ≥30).47 MDI score was also analyzed as a 
continuous variable in 5 unit increments. Additionally, we constructed a restricted cubic 
spline with three knots, to allow for non-linearity.48 Knot points were set at MDI scores 
of 20, 25, and 30. We used self-reported medication names to classify men as current 
users of any PM, including SSRIs, SNRIs, other antidepressants (atypical, tetracyclic, and 
tricyclic antidepressants), and other PM use excluding antidepressants. We classified 
previous users of any PM separately. Participants could be classified as taking more than 
a single type of PM, though only 11 (0.6%) men reported using ≥2 medications. We 
jointly classified MDI scores (<25 vs. ≥25) and current PM use (yes vs. no).  
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Given that exposure data were collected only at baseline and follow-up could 
continue for up to 12 total menstrual cycles, we performed a sensitivity analysis restricted 
to the first three cycles of follow-up (i.e., approximate duration of spermatogenesis).49 In 
addition to reducing exposure misclassification due to changing exposures over time, 
truncating follow-up time may reduce attenuation of fecundability ratios (FR) in time to 
pregnancy studies.50  
We used an Andersen-Gill data structure, with one row per menstrual cycle under 
observation, to account for variation in attempt time at study entry and reduce bias from 
left truncation.51 We used proportional probabilities regression models52 to estimate FR 
and 95% confidence intervals (CI) for the association between depression and PM use 
and fecundability. The FR represents the ratio of the per-cycle probability of conception 
(i.e., fecundability) in each exposure category compared with the reference category. This 
model controls for the decline in fecundability over time by adjusting for binary 
indicators of the cycle number at risk.51 
 We selected potential confounders a priori based on the available literature and 
assessment of a directed acyclic graph (Supplemental Figure 1). Results were adjusted for 
covariates ascertained at baseline, including male age (<25, 25-29, 30-34, ≥35 years), 
female age (<25, 25-29, 30-34, ≥35 years), race/ethnicity (White/non-Hispanic vs. other), 
highest level of education (high school or less, some college, college graduate, graduate 
school), female partner’s education (ordinal categorical), total METs (continuous), 
alcohol consumption (0,1-6,7-13, and ≥14 drinks/week), BMI (<25, 25-29, ≥30 kg/m2), 
cigarette smoking (never, current, and past), and having previously fathered a child. To 
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evaluate potential for reverse causation, we restricted analyses to participants with <3 
cycles of attempt time at study entry. We also performed an analysis restricted to men 
without a history infertility. All PM analyses were adjusted for other current PM use, and 
former PM use. 
We performed mediation analysis to estimate the proportion mediated between 
current depressive symptoms and fecundability by all current PM use, current SSRI use, 
intercourse frequency, and sleep duration. Additionally, we estimated the mediating 
effects of erectile dysfunction on the relationship between all PM use and fecundability. 
For PM use, SSRI use, and sleep duration, we fit a model with the product term for 
current depressive symptoms (categorized as MDI ≥25) and each of the potential 
mediators and estimated mediation from each of those models. For intercourse frequency 
we estimated mediation from a model without a product term with current depressive 
symptoms. Additionally, we estimated the extent to which erectile dysfunction mediated 
the relationship between PM use and fecundability, fitting a model with a product term 
between PM use and erectile dysfunction.	We estimated the direct effect of exposure 
(current depressive symptoms or current PM use) on fecundability (natural direct effect) 
and effects that operate through the mediating variables (natural indirect effect). We 
calculated the proportion mediated as (FRNDE × [FRNIE − 1])/(FRNDE × FRNIE − 1).53–55  
We used a Markov chain Monte Carlo method to multiply-impute missing 
outcome, exposure, and covariate data.56,57 We generated five imputation data sets using 
PROC MI and combined point estimates and standard errors from each data set using 
PROC MIANALYZE.  For the 88 couples with no follow-up data, we assigned them one 
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cycle of follow-up and imputed their pregnancy status (yes vs. no).  Missingness for 
covariates ranged from 0.1% (smoking, physical activity) to 2.0% (type of PM used).  We 
used the weighted copy method to improve convergence of the regression model.58 All 
analyses were performed in SAS version 9.4.59 
2.3 RESULTS 
 A total of 1,743 couples contributed 1,026 pregnancies during 6,618 observed 
menstrual cycles of attempt time. At baseline, 10.7% of men reported a diagnosis of 
depression. 90.3% of men were classified as having low depressive symptoms (MDI<20), 
5.0% mild symptoms (MDI=20-24), 2.4% moderate symptoms (MDI: 25-29), and 2.4% 
severe symptoms (MDI: ≥30) (Table 1). Additionally, 3.5% were currently using PMs 
but not antidepressants, 5.6% were using SSRIs, 0.5% were currently using SNRIs, and 
1.0% were currently using other antidepressants (Table 2). 
 History of diagnosed depression was positively associated with obesity (BMI ≥30 
m/kg2), and former smoking. It was inversely associated with physical activity and 
education.  Higher MDI scores were positively associated with short sleep duration, 
previously fathering a child, and erectile dysfunction, and inversely associated with 
education (Table 2.1). SSRI use was positively associated with being White, non-
Hispanic, obesity, and intercourse frequency <1 time per week. Patterns of associations 
for SNRIs were similar, with the exception of a stronger positive association with erectile 
dysfunction and inverse associations with education (participant and female partner’s), 
current smoking, intercourse frequency <1 time per week, and previously fathering a 
child. Other antidepressant use was positively associated with alcohol intake, extremes of 
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BMI, partner’s education, smoking, longer sleep duration, and previously fathering a 
child. It was inversely related to physical activity and intercourse frequency <1 time per 
week (Table 2.2).  
 The FR for history of diagnosed depression was 0.91 (95% CI: 0.75-1.10). FRs 
for MDI categories of mild, moderate, and severe depressive symptoms were 0.92 (95% 
CI: 0.67-1.27), 0.88 (95% CI: 0.55-1.42), and 0.84 (95% CI: 0.55-1.31) relative to low 
symptoms, showing some evidence of an inverse monotonic association.  The FR for 
each 5-unit increase in MDI score was 0.97 (95% CI: 0.93-1.02) (Table 3). The restricted 
cubic spline analysis showed little association between MDI score and fecundability until 
MDI=25, after which there was a decline in fecundability, with substantially widened 
confidence intervals (Figure 2.2). These results are reasonably consistent with chance. 
The FRs for current use of PM (excluding antidepressants), SSRIs, SNRIs, and 
other antidepressants were 0.94 (95% CI: 0.66-1.33), 0.91 (95% CI: 0.69-1.20), 1.46 
(95% CI: 0.60-3.53), and 0.45 (95% CI: 0.21-0.97), respectively (Table 2.3). 
Fecundability was 32% lower among current PM users with MDI ≥25 compared 
with non-users of PM with MDI<25 (FR=0.68, 95% CI: 0.33-1.39). FRs for the 
intermediate joint exposure categories were 0.88 (current PM users with MDI<25) and 
0.96 (non-users of PM with MDI≥25) (Table 2.3).  
After restricting data to the first three cycles of follow-up, associations for history 
of diagnosed depression and other antidepressant use were similar.  We observed a 
stronger association for current severe depressive symptoms (FR=0.68, 95% CI: 0.40-
1.15) and current PM use excluding antidepressants (FR=0.79, 95% CI: 0.50-1.25). The 
		
15 
results for SSRI use were slightly attenuated. SNRI use showed a stronger positive 
association (FR of 1.80, 95 CI: 0.78-4.13) but the association was imprecise. Likewise, 
the association for current PM users with MDI ≥25, relative to non-users of PM with 
MDI <25 was stronger though less precise (FR=0.48, 95% CI: 0.16-1.41) (Table 2.4). 
Among participants who enrolled with <3 cycles of pregnancy attempt time, we 
found similar results for history of diagnosed depression, severe depressive symptoms, 
PM use (excluding antidepressants), and SSRI use. SNRI use was slightly attenuated 
(FR=1.28, 95% CI: 0.46-3.61) as was other antidepressant use (FR=0.57, 95% CI: 0.27-
1.23), and current PM users with MDI ≥25 (FR=0.74, 95% CI: 0.35-1.59) (Table 2.5). 
When limiting the analysis to men without a history of infertility (n=1,593), the results 
were nearly identical to the full analysis (Table 2.7). 
 When examining the proportion mediated between current depressive symptoms 
and fecundability by current PM use and SSRI use, we found proportions mediated of 
0.49 and 0.56 respectively. Sleep duration and intercourse frequency showed very little 
mediation with 0.04 and 0.00 proportion mediated. Additionally, erectile dysfunction 
showed little evidence of mediating the relationship between PM use and fecundability 
(Table 2.6).   
2.4 DISCUSSION 
In this preconception cohort study, we found evidence that a history of diagnosed 
depression and greater depressive symptoms (as measured by the MDI) in men was 
associated with slightly decreased fecundability, consistent with chance but also with a 
modest effect for those severely depressed. PM and antidepressant use showed some 
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evidence of an association with reduced fecundability, but estimates were imprecise. The 
strongest reduction in fecundability was shown for current PM users with 
moderate/severe levels of depressive symptoms (MDI scores ≥25). There was evidence 
that overall PM use, including SSRIs, mediated approximately half of the association 
between current depressive symptoms and fecundability. 
Our results regarding history of diagnosed depression agree with the two other 
prospective studies of depression and fecundability. Among Swedish men with 
depression who were matched with unaffected siblings,11 Power et al. reported an FR of 
0.93 (95% CI: 0.92-0.94), an estimate of effect very similar to the FR of 0.91 in the 
present study. Our findings for current depressive symptoms were also in the same 
direction as those reported in a cohort study of participants from two randomized trials 
for non-IVF treatment of infertility.12 The first trial investigated the effects of treatment 
with clomiphene citrate versus letrozole for polycystic ovary syndrome and the second 
trial compared gonadotropins vs. clomiphene citrate vs. letrozole for unexplained 
infertility. The authors assessed current depressive symptoms using the Patient Health 
Questionnaire (PHQ-9),17 and their findings showed a stronger association between 
current depressive symptoms and chances of conception, with a relative risk for 
pregnancy of 0.44 (95% CI: 0.20–0.98) among depressed men. The difference in effect 
estimates between our two studies may result from several factors. First, the trial 
populations had a low prevalence of major depression (i.e., there were only 5 pregnancies 
among depressed men); second, the trials could not determine whether depression was 
antecedent or subsequent to fertility issues; third, the trials had vastly different 
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conception rates for men with depression (10.5% vs. 20%), which suggests that the two 
study populations fundamentally differed in ways which could affect the estimation of the 
association between depression and fertility. 
One potential mechanism linking depression and current depressive symptoms 
with reduced male fertility is testosterone, a hormone that is critical for spermatogenesis, 
sexual function, and fertility.63 Depression in men is associated with low testosterone 
levels.60–62 While depression can affect libido, and thereby decrease intercourse 
frequency, we did not find evidence that intercourse frequency was an important 
mediator of the depression-fecundability association. 
  Our study is the first to prospectively examine the relationship between PM use 
in men and fecundability in a population not undergoing fertility treatment. Our findings 
in regards to PM use excluding antidepressants, SSRI use, and other antidepressant use 
generally agree with studies that examined PM use and semen parameters.23,27,28,30,31,64 
Maier and Koinig’s analysis of the effects of antidepressant medication on semen 
parameters showed decreases in semen volume, sperm motility, and normal sperm 
morphology.31 Other studies report an association between SSRI use and decreased sperm 
parameters. Tanrikut et al. found that SSRIs induced abnormal sperm DNA 
fragmentation among 35 healthy volunteers,27 Relwani et al. in a cross sectional study 
found that men self-reported current use of SSRIs and other psychotropic agent therapy 
had reduced sperm motility,28 and Akasheh et al. found in a single blinded clinical trial of 
60 married men suffering from premature ejaculation that the group randomized to 
treatment with SSRIs showed a reduction in sperm concentration and percentage normal 
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morphology, as well as an increase in DNA fragmentation.64 Additionally, Kumar et al. 
found that SSRIs had a spermicidal effect in vitro.23 Our finding for SNRI use does not 
agree with the previous literature. In this study SNRI use was associated with increased 
fecundability. However, the prevalence of current SNRI use in our population was very 
low (0.5%), thereby reducing the precision of effect estimates. 
In this study, men with moderate or severe depressive symptoms who were 
current PM users had the lowest fecundability of all subgroups examined. PM use may 
interact with depression to cause even greater reductions in fecundability, or it could be a 
marker of more severe depression (i.e., confounding by indication). Our results are also 
compatible with chance. 
We found evidence that PM use mediated the relationship between current 
depressive symptoms and fecundability. PM and SSRI use had a proportion mediated of 
approximately 0.5 on the effect of current depressive symptoms on fecundability, 
meaning that 50% of the effect of current depressive symptoms on fecundability can be 
explained by the effects of using either PMs or more specifically, SSRIs. Also of note is 
that we found little evidence that intercourse frequency or hours of sleep per night 
mediated this relationship, or that erectile dysfunction mediated PM use and 
fecundability. These results indicate that if current depressive symptoms have a causal 
relationship with fertility, half of the effect is through PM use, particularly SSRIs, and 
not through the behavioral pathways of sleep or intercourse. 
There are several limitations to our study. Exposures were ascertained only at 
baseline and we were unable to assess changes in exposures over time. Thus, the results 
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may have been influenced by non-differential exposure misclassification, as fertility 
issues are a known cause of depression.3–10 To address this limitation, we performed a 
restricted analysis using only the first 3 cycles of follow-up. This was performed to 
specifically reduce the number of men whose depressive symptoms may have developed 
during the course of observation, and therefore become misclassified. This method of 
restricting follow-up time has also been shown to reduce attenuation of FRs in time to 
pregnancy studies.50 We found similar results in this restricted analysis as compared with 
the full analysis.  
Another concern is that depression and treatment for depression may have been a 
consequence of existing fertility problems.  To explore potential for this reverse causation 
we conducted two additional analyses. First, we stratified by <3 cycles of attempt at study 
entry and found similar though less precise results in this stratum.  Second, we conducted 
an analysis among only those men who did not report a history of infertility; these results 
were comparable.   
A further limitation of our study is that we did not assess whether participants 
were using non-medication treatments for depression, such as psychotherapy or cognitive 
behavior therapy, which have been shown to be effective in the treatment of depression.66  
One final concern raised by critics is that Internet users and nonusers differ 
meaningfully from each other in a way that reduces the generalizability of this study or 
introduces selection bias. However, it is unlikely that differences in the prevalence of 
exposure would affect the associations found herein and it is also unlikely that Internet 
use would be jointly associated with both exposure and outcome. In our similarly-
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designed Danish preconception study (n=4,801), data from the Danish Medical Birth 
Registry (2008–2012) was used to compare well-established perinatal associations in the 
Danish cohort with the total Danish population of singleton live births (n=239,791). 
Despite differences in the prevalence of demographic and lifestyle covariates, 
associations were nearly identical across the two cohorts,.68 These findings agreed with 
two earlier studies investigating the effects of low initial participation rates in cohort 
studies.69,70  
Our study overcomes limitations from previous studies in several meaningful 
ways. First, we enrolled couples during the preconception period, soon after 
discontinuing contraception, which can reduce selection bias, avoid recall bias, and 
improve accuracy and precision relative to retrospective studies.71–74 Second, this study 
examined couples along the full fertility spectrum, including those who conceived 
quickly and those who developed infertility, thereby increasing the generalizability of our 
findings.  Third, we prospectively studied depression and PM use, and mediation of the 
depression-fecundability association by PM use, in order to distinguish effects of 
treatment from those of underlying disease. Finally, instead of evaluating semen 
parameters, we assessed fecundability, a potentially more direct and clinically relevant 
measure of fertility.36–40 
In conclusion, we found that depression, defined via history of a diagnosis or 
current depressive symptoms using the MDI, was associated with slightly decreased 
fecundability, consistent with previous studies.  Nonetheless, the findings were also 
reasonably compatible with chance. PM and antidepressant use were also associated with 
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reduced fecundity, particularly among those with current depressive symptoms. Current 
PM and SSRI use mediated part but not all of the relationship between current depressive 
symptoms and fecundability. Additional research is needed to examine which categories 
of PMs are associated with fecundability, as our low numbers made it difficult to 
accurately quantify these relationships. 
  
		 22 
2.5 TABLES AND FIGURES 
Table 2.1 Age Adjusted Baseline Characteristics of 1,743 Men According to Depression.	
Characteristic Depression Diagnosis Major Depression Inventory Score No Yes 0-19 20-24 25-29 ≥30 
Number of Men (%)  1557 (89.3) 186 (10.7) 1573 (90.3) 87 (5.0) 41 (2.4) 42 (2.4) 
Male age, years (mean) 31.5 32.5 31.6 31.6 31.4 31.3 
Total MET-hours per week (mean) 33.7 28.5 33.3 31.2 31 33.7 
Cycles of attempt time at study entry (mean) 1.9 1.7 1.9 2.1 1.7 2.0 
White, non-Hispanic, % 85.8 89.7 86.2 89.7 85.8 81.4 
Male alcohol ≥14 drinks/week, % 11.7 13.6 11.5 18.5 9.6 15.0 
Male BMI <25, kg/m2 %  33.6 30.8 34.1 28.7 23.3 29.8 
Male BMI ≥30, kg/m2 % 28.0 35.8 28.0 37.2 37.0 26.6 
Male education ≥16 years, % 68.8 60.5 69.1 61.3 65.3 45.9 
Partner's education ≥16 years, % 63.1 64.8 63.3 67.9 80.4 47.1 
Current smoker, % 12.0 15.3 11.7 15.3 19.7 15.9 
Former smoker, % 16.6 24.6 17.3 18.3 15.3 24.1 
Intercourse 1x week or less, % 18.9 20.3 18.1 29.0 26.1 25.3 
Male sleep <7 hours/day, % 34.6 35.3 33.0 41.7 56.8 61.5 
Male sleep ≥9 hours/day, % 3.0 5.8 3.2 3.2 1.9 7.0 
Previously fathered a child, % 44.0 49.1 43.7 47.7 45.7 65.1 
History of infertility in couple, % 8.0 12.5 7.5 16.7 13.6 19.0 
Erectile dysfunction, % 3.3 5.5 3.5 0.0 1.9 16.5 
Depression diagnosis, %   8.4 21.4 39.2 51.9 
MDI <20, % 92.5 70.5     
MDI 20-24, % 4.4 9.9     
MDI 25-29, % 1.7 8.2     
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MDI ≥30, % 1.4 11.4     
Non antidepressant psychotropic medication, 
current use, % 
2.5 12.2 2.8 8.5 5.6 17.8 
SSRI, current use, % 2.5 30.5 4.7 12 15.9 18.9 
SNRI, current use, % 0.1 3.8 0.5 0.0 0.0 1.9 




Table 2.2 Age Adjusted Baseline Characteristics of 1,743 Men According to Selected Psychotropic Medication Use. 
 Current Psychotropic Medication Use1 





Current Other  
Antidepressant 
Use 
Number of Men (%) 95 (5.5) 61 (3.5) 97 (5.6) 9 (0.5) 18 (1.0) 
Male age, years (mean) 32.2 32.4 33.0 33.1 33.4 
Total MET-hours per week (mean) 30.3 32.0 28.4 31.9 26.8 
Cycles of attempt time at study entry (mean) 1.9 1.7 1.6 2.0 1.6 
White, non-Hispanic, % 92.0 85.0 92.5 94.7 86.4 
Male alcohol ≥14 drinks/week, % 11.4 20.6 16.2 0.0 16.7 
Male BMI <25, kg/m2 %  28.6 31.1 21.4 9.7 45.4 
Male BMI ≥30, kg/m2 % 31.3 29.2 42.9 59.3 37.9 
Male education ≥16 years, % 66.9 63.3 67.4 59.3 64.2 
Partner's education ≥16 years, % 70.6 68.9 59.3 53.4 79.7 
Current smoker, % 14.3 20.7 12.2 4.8 27.2 
Former smoker, % 21.0 27.6 19.8 47.9 21.9 
Intercourse 1x week or less, % 15.4 19.0 29.9 0.5 12.3 
Male sleep <7 hours/day, % 38.2 40.4 39.3 49.8 18.9 
Male sleep ≥9 hours/day, % 1.1 8.7 3.3 0.0 23.4 
Previously fathered a child, % 50.0 45.8 45.7 14.5 59.3 
History of infertility in couple, % 9.7 7.9 13.7 16.2 13.6 
Erectile dysfunction, % 1.8 5.1 6.1 14.5 5.3 
Depression diagnosis, % 72.6 36.0 58.1 78.6 77.8 
MDI <20, % 73.0 72.7 73.8 89.9 82.4 
MDI 20-24, % 11.4 10.6 10.5 0.0 8.1 
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MDI 25-29, % 7.8 6.1 6.1 0.0 0.0 
MDI ≥30, % 7.9 10.7 9.7 4.8 9.6 
Non antidepressant psychotropic medication, 
current use, % 0.0 
 10.1 4.8 0.0 
SSRI, current use, % 0.0 13.6  0.0 4.6 
SNRI, current use, % 0.0 1.6 0.0  0.0 
Other antidepressants, current use, % 0.0 0.0 1.0 0.0   
111 Men were classified as current users of multiple categories of psychotropic medication. 
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Table 2.3 Fecundability Ratios and 95% Confidence Intervals for Selected Depression Related Factors, PRESTO, 2013-2018. 
 Men Pregnancies Cycles Unadjusted Adjusted1 
History of Diagnosed Depression      
No 1,557 925 5,913 Reference Reference 
Yes 186 101 705 0.91 (0.75-1.10) 0.91 (0.75-1.10) 
            
Major Depression Inventory Score   
<20 1,573 935 5,944 Reference Reference 
20-24 87 50 346 0.90 (0.68-1.20) 0.92 (0.67-1.27) 
25-29 41 23 170 0.84 (0.54-1.32) 0.88 (0.55-1.42) 
≥30 42 18 158 0.83 (0.53-1.29) 0.84 (0.55-1.31) 
Continuous (5 unit increments) 1,743 1,026 6,618 0.97 (0.93-1.01) 0.97 (0.93-1.02)  
     
Major Depression Inventory Score (dichotomous)   
<25 1,660 985 6,290 Reference Reference 
≥25 83 41 328 0.84 (0.61-1.16) 0.87 (0.62-1.21)  
     
Current Non Antidepressant Psychotropic Medication Use2 
No 1,682 994 6,408 Reference Reference 
Yes 61 32 210 0.96 (0.68-1.37) 0.94 (0.66-1.33)  
    
 
Current SSRI Use2 
No 1,646 974 6,257 Reference Reference 
Yes 97 52 361 0.91 (0.69-1.20) 0.91 (0.69-1.20)  
     
Current SNRI Use2   
No 1734 1,022 6,598 Reference Reference 
Yes 9 4 20 1.27 (0.53-3.05) 1.46 (0.60-3.53) 
      
Current Other Antidepressant Use2   
No 1,725 1,020 6,535 Reference Reference 
Yes 18 6 83 0.48 (0.22-1.03) 0.45 (0.21-0.97) 
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Major Depression Inventory Score and Psychotropic Medication Use 
MDI <25, no current PM use 1,518 910 5,782 Reference Reference 
MDI <25, current PM use 142 75 508 0.90 (0.72-1.13) 0.88 (0.70-1.11) 
MDI ≥25, no current PM use 59 32 220 0.94 (0.67-1.33) 0.96 (0.67-1.36) 
MDI ≥25, current PM use 24 9 108 0.63 (0.31-1.26) 0.68 (0.33-1.39) 
1Adjusted for age, female age, race/ethnicity, education, partner’s SES education, total METs, alcohol consumption, BMI, current smoker, past 
smoker, and previously fathered a child. 








s Cycles Unadjusted Adjusted1 
History of Diagnosed Depression      
No 1,557 676 3,197 Reference Reference 
Yes 186 73 374 0.91 (0.72-1.13) 0.92 (0.73-1.15) 
            
Major Depression Inventory Score 
 
<20 1,573 689 3,212 Reference Reference 
20-24 87 35 185 0.88 (0.61-1.25) 0.91 (0.62-1.35) 
25-29 41 14 88 0.81 (0.49-1.37) 0.87 (0.50-1.49) 
≥30 42 11 86 0.66 (0.39-1.14) 0.68 (0.40-1.15) 
Continuous (5 unit increments) 1,743 749 3,571 0.96 (0.91-1.01) 0.96 (0.91-1.02)  
     
Major Depression Inventory Score (dichotomous) 
<25 1,660 724 3,397 Reference Reference 
≥25 83 25 174 0.74 (0.50-1.08) 0.76 (0.52-1.13)  
     
Current Non Antidepressant Psychotropic Medication Use2 
No 1,682 730 3,450 Reference Reference 
Yes 61 19 121 0.79 (0.50-1.26) 0.79 (0.50-1.25)  
    
 
Current SSRI Use2 
No 1,646 709 3,372 Reference Reference 
Yes 97 40 199 0.92 (0.67-1.26) 0.95 (0.69-1.30)  
     
Current SNRI Use2 
No 1734 745 3,557 Reference Reference 
Yes 9 4 14 1.46 (0.63-3.39) 1.80 (0.78-4.13) 
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Current Other Antidepressant Use2 
 
No 1,725 745 3,532 Reference Reference 
Yes 18 4 39 0.48 (0.19-1.20) 0.46 (0.18-1.16)  
     
Major Depression Inventory Score and Psychotropic Medication Use 
MDI <25, not current PM use 1,518 667 3,112 Reference Reference 
MDI <25, current PM use 142 57 285 0.90 (0.69-1.17) 0.89 (0.69-1.17) 
MDI ≥25, not current PM use 59 22 121 0.88 (0.59-1.31) 0.88 (0.59-1.31) 
MDI ≥25, current PM use 24 3 53 0.44 (0.15-1.29) 0.48 (0.16-1.41) 
1Adjusted for age, female age, race/ethnicity, education, partner’s SES education, total METs, alcohol consumption, BMI, current smoker, past 
smoker, and previously fathered a child. 




Table 2.5 Fecundability Ratios and 95% CIs for Selected Depression Related Factors, Restricted to <3 Cycles of Attempt Time 
at Study Entry, PRESTO, 2013-2018. 
  Men Pregnancies Cycles Attempt time<3 cycles at entry1 
History of Diagnosed Depression     
No 1,112 697 4,139 Reference 
Yes 40 78 519 0.92 (0.74-1.15) 
          
 Major Depression Inventory Score  
<20 1,139 709 4,212 Reference 
20-24 57 35 228 0.85 (0.57-1.27) 
25-29 26 16 111 0.89 (0.50-1.60) 
≥30 30 15 107 0.90 (0.56-1.46) 
Continuous (5 unit increments) 1,152  775  4,658 0.98 (0.93-1.03)  
    
Major Depression Inventory Score (dichotomous)   
<25 1,196 744 4,440 Reference 
≥25 56  31  218 0.90 (0.61-1.34)   
    
Current Non Antidepressant Psychotropic Medication Use2 
No 1,206 752 4,510 Reference 
Yes  46  23  148 0.96 (0.64-1.44)  
   
 
Current SSRI Use2 
No 1,177 734 4,394 Reference 
Yes  75 41  264  0.93 (0.68-1.25)  
    
Current SNRI Use2   
No 1,245 772 4,642 Reference 
Yes  7  3 16  1.28 (0.46-3.61) 
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Current Other Antidepressant Use2 
No 1,238 769 4,599 Reference 
Yes  14  6 59   0.57 (0.27-1.23)  
    
Major Depression Inventory Score and Psychotropic Medication Use 
MDI <25, no current PM use 1,090 688 4,083 Reference 
MDI <25, current PM use 106 56 357 0.89 (0.69-1.15) 
MDI ≥25, no current PM use 35 22 133 0.98 (0.64-1.51) 
MDI ≥25, current PM use 21  9 85  0.74 (0.35-1.59) 
1Adjusted for age, female age, race/ethnicity, education, partner’s SES education, total METs, alcohol consumption, BMI, current smoker, past 
smoker, and previously fathered a child. 




Table 2.6 Mediation analysis controlling for age, female age, race and ethnicity, education, partner’s education, total METs, 
alcohol consumption, BMI, current smoker, past smoker, and previously fathering a child. 
 
Exposure Mediator Product Term 
Natural Indirect 
Effect 
FR (95% CI)1 
Natural Direct 
Effect 
FR (95% CI)1 
Proportion 
Mediated 
Major Depression Inventory ≥25 Current psychotropic medication use Yes 0.89 (0.76-1.04) 0.89 (0.61-1.18) 0.49 
      
Major Depression Inventory ≥25 Current SSRI use Yes 0.88 (0.80-0.97) 0.92 (0.64-1.22) 0.56 
      
Major Depression Inventory ≥25 Intercourse Frequency <1 x per week No 0.99 (0.98-1.00) 0.83 (0.89-1.09) 0.04 
      
Major Depression Inventory ≥25 Sleep <7 hours per night Yes 1.01 (0.877-1.19) 0.80 (0.55-1.07) -0.04 
      
Current psychotropic medication use Erectile Dysfunction Yes 0.99 (0.98-1.01) 0.85 (0.68-1.04) 0.03 
1Adjusted for age, female age, race/ethnicity, education, partner’s SES education, total METs, alcohol consumption, BMI, current smoker, past 
smoker, and previously fathered a child 
  
		 33 
Table 2.7 Fecundability Ratios and 95% CIs for Selected Depression Related Factors, Restricted to Couples with No History of 
Infertility, PRESTO, 2013-2018. 
  Men Pregnancies Cycles No History of Infertility1 
History of Diagnosed Depression     
No 1,434 879 5,358 Reference 
Yes 163 93 618 0.90 (0.73-1.10) 
          
 Major Depression Inventory Score  
<20 1,456 890 5,442 Reference 
20-24 72 45 266 0.97 (0.66-1.43) 
25-29 35 21 143 0.94 (0.58-1.54) 
≥30 34 16 125 0.88 (0.56-1.38) 
Continuous (5 unit increments) 1,597 972  5,976  0.98 (0.93-1.03)  
    
Major Depression Inventory Score (dichotomous)   
<25 1,528 935 5,708 Reference 
≥25 69  37 268  0.91 (0.64-1.29)  
    
Current Non Antidepressant Psychotropic Medication Use2 
No 1,541 942 5,788 Reference 
Yes  56  30 188  0.95 (0.66-1.37)  
   
 
Current SSRI Use2 
No 1,514 926 5,656 Reference 
Yes  83  46 320  0.88 (0.66-1.17)  
    
Current SNRI Use2   
No 1,589 968 5,961 Reference 
Yes  8  4 15  1.92 (0.82-4.51) 
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Current Other Antidepressant Use2 
No 1,581 967 5,900 Reference 
Yes  16  5 76  0.37 (0.16-0.86)  
    
Major Depression Inventory Score and Psychotropic Medication Use 
MDI <25, no current PM use 1,400 867 5,245 Reference 
MDI <25, current PM use 128 68 463 0.83 (0.65-1.06) 
MDI ≥25, no current PM use 50 29 177 0.96 (0.65-1.42) 
MDI ≥25, current PM use 19  8 91  0.74 (0.33-1.65) 
1Adjusted for age, female age, race/ethnicity, education, partner’s SES education, total METs, alcohol consumption, BMI, current smoker, past 
smoker, and previously fathered a child. 









Figure 2.2 Major Depression Inventory score using restricted cubic splines with 3 knots at 20, 25, and 30, controlling for age, 
female age, race and ethnicity, education, partner’s education, total METs, alcohol consumption, current smoker, past smoker, 
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3 HEAT EXPOSURES AND MALE FECUNDABILITY: A PRECONCEPTION 
COHORT STUDY 
3.1 INTRODUCTION 
 The World Health Organization defines infertility as the inability to achieve 
clinical pregnancy after ≥12 months of regular unprotected intercourse.1 About 15% of 
North American couples experience infertility,2 and U.S. health care costs for infertility 
treatment exceed $5.5 billion.3 These costs are expected to increase as the percentage of 
women aged 22-44 years using assisted reproductive technologies (ART) continues to 
increase (e.g., from 0.1% in 1995 to 0.6% in 2006-2010).4 Infertility is associated with 
psychological and financial hardship for affected couples,5,6 and ART use has been 
associated with adverse pregnancy outcomes.7–11 Thus, the elucidation of modifiable 
determinants of infertility is an important public health goal.   
Male factors contribute to 30-50% of infertility diagnoses.12,13 A recent review of 
185 studies of 42,935 men provided evidence of a decline in sperm concentration in 
Western countries over the last 40 years (1973-2011).14 The reasons for this decline, 
however, are not clear. One factor may be the extent to which fecundability is influenced 
by testicular heat exposures, such as ever-increasing long hours of sitting15,16, increasing 
use of laptops on one’s lap17, use of seat heaters, exposure to wet heat, and wearing 
restrictive clothing. In studies of mice, testicular hyperthermia inhibited spermatogenesis, 
with apoptosis being observed after 20 minutes of exposure to 43°C, but not after shorter 
exposure to 39°C.18 Thus, there may be a threshold effect of heat exposure, though this 
threshold could be as small as a 1-2°C elevation and could depend on duration, intensity, 
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and frequency of exposure.19 Testicular hyperthermia may also damage DNA integrity.  
In animal studies, DNA damage of sperm was detected as early as a few days after 
hyperthermia and persisted for weeks after exposure.20–22   
Human studies also provide evidence for harmful effects of heat exposure on 
semen parameters.  Occupational exposure to high temperatures has been associated with 
morphologically-abnormal sperm and impaired motility,23 and increased scrotal 
temperature has been associated with reduced sperm concentration.24  In two randomized 
clinical studies, scrotal hyperthermia was associated with reduced sperm DNA integrity 
and increased sperm apoptosis.25,26 Despite these associations between heat exposures 
and semen quality, it is unclear which heat sources, if any, affect sperm enough to 
influence fecundability. Direct evaluation is important, given that semen quality is only 
weakly associated with fecundability,12,27–29 and only two papers have examined heat 
related factors with fecundability itself as an endpoint.30,31 The first of these studies 
involved only 201 subjects and looked solely at time spent sitting.31  The other involved 
491 couples and only examined the role of tight-fitting underwear.30 
We evaluated the extent to which fecundability is associated with selected male 
heat-related exposures, including use of saunas, hot tubs, and hot baths; use of restrictive 
underwear; time spent sitting; use of car seat heaters; use of a laptop computer on one’s 





3.2.1 Study design and population 
Study population. Pregnancy Study Online (PRESTO) is an ongoing web-based 
preconception cohort study.32 Women aged 21–45 years residing in the U.S. or Canada, 
who are in a stable relationship with a male partner, and who are not using contraception 
or fertility treatment are eligible for participation. The study was approved by the 
Institutional Review Board at Boston Medical Center, and online informed consent was 
obtained from all participants. Female participants complete an online baseline 
questionnaire with items on demographics, behavioral factors, medical and reproductive 
history, and medication use. After completion of the baseline questionnaire, females are 
given the option to invite their male partners to participate. Males aged ≥21 years are 
eligible. Male participation involves completion of a single questionnaire similar to the 
female baseline questionnaire. Females complete follow-up questionnaires every 8 weeks 
until reported pregnancy or for up to 12 months, whichever comes first. 
3.2.2 Exclusions 
From June 2013 through October 2018, 8,511 eligible women completed the 
baseline questionnaire.  We excluded 101 women whose baseline date of last menstrual 
period (LMP) was >6 months before study entry and 37 women with missing/implausible 
LMP data. We then excluded 1,722 women who had been trying to conceive for more 
than 6 cycles at enrollment, to reduce potential for differential exposure misclassification 
(i.e., subfertility causing changes in behavior). Of the 6,651 remaining female 
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participants, 3,606 (54%) invited their male partners to participate, and 1,698 males 
(47%) enrolled.  
3.2.3 Assessment of exposure 
Exposures of interest were ascertained on the male baseline questionnaire, 
including average hours of laptop use on one’s lap (none, 0.5, 1, 2, 3, …, 24 hours/day), 
average use of saunas per month (never, 1-2, 3-4, 5-9, ≥10 times/month), average use of 
hot baths/tubs per month (never, 1-2, 3-4, 5-9, ≥10 times/month), hours of seat heater use 
during the winter months (0-2, 3-5, 6-10, 11-15, 16-20, >20 hours/week), type of 
underwear usually worn (none, loose boxer shorts, slim-fitting briefs or boxers, alternate 
loose boxer shorts and slim-fitting briefs/boxers), average total time spent during the last 
year “sitting or lying down watching TV or videos” (0, <1, 1, 2, 3-4, 5-6, ≥7 hours/day) 
or “other sitting (such as driving, working at a computer, or reading)” (0, <1, 1, 2, 3-4, 5-
6, ≥7 hours/day), and number of fevers >100 degrees Fahrenheit in the last 3 months 
(none, 1, ≥2 times). 
3.2.4 Assessment of pregnancy and cycles at risk. 
At baseline, females reported their LMP date, usual menstrual cycle length, and 
the number of cycles of pregnancy attempt. On each follow-up questionnaire, they 
reported their most recent LMP date and whether they had conceived since the previous 
questionnaire. Total discrete menstrual cycles at risk were calculated as follows: 
menstrual cycles of attempt time at study entry + [(LMP from most recent follow-up 
questionnaire - date of baseline questionnaire completion)/usual menstrual cycle length] 
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+1. Couples contributed observed cycles of attempt time to the analysis from baseline 
until reported conception, initiation of fertility treatment, self-reported cessation of trying 
to conceive, loss to follow-up, withdrawal, or 12 cycles, whichever came first. 
3.2.5 Assessment of covariates 
On their respective baseline questionnaires, male and female participants reported 
their age, race/ethnicity, education, height, and weight. The male baseline questionnaire 
collected data on physical activity, alcohol intake, smoking history, sleep duration, 
employment status, including hours worked per week, having previously fathered a child, 
and infertility history. Household income and frequency of intercourse were ascertained 
from the female baseline questionnaire. Body mass index (BMI) was calculated as weight 
in kilograms divided by height in meters squared. Total Metabolic Equivalents of Task 
(MET) of physical activity were calculated by multiplying the average number of hours 
per week engaged in various activities by metabolic equivalents estimated from the 
Compendium of Physical Activities.33,34 
3.2.6 Data analysis 
Categories of the exposure variables were further collapsed based on their 
prevalence within the analytic cohort. We used an Andersen-Gill data structure, with one 
observation per observed menstrual cycle, to account for variation in attempt time at 
study entry and left truncation.35 We used proportional probabilities regression models36 
to estimate fecundability ratios (FR) and 95% confidence intervals (CI) for the 
association between male heat exposure measures and fecundability. The FR represents 
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the ratio of the per-cycle probability of conception (i.e., fecundability) in each exposure 
category compared with the reference category. This model controls for the decline in 
fecundability over time by adjusting for binary indicators of the cycle number at risk.35 
 We selected potential confounders a priori based on the available literature by 
assessment of a directed acyclic graph (Figure 3.1). Results were adjusted for covariates 
ascertained at baseline, including male age (<25, 25-29, 30-34, ≥35 years), annual 
household income (<50, 50-99, 100-149, ≥150 thousand US dollars), race/ethnicity 
(White/non-Hispanic vs. other), highest education achieved (less than high school, high 
school, some college, college, graduate studies), total METs (continuous), alcohol 
consumption (0, 1–6, 7–13, and ≥14 drinks/week), BMI (<25, 25–29, ≥30 kg/m2), 
cigarette smoking (never, past, current), sleep duration (<6, 6, 7, 8, and ≥9 hours/day), 
currently employed (yes vs. no), hours of employment (<30, 30–49, and ≥50 
hours/week), and previously fathered a child (yes vs. no). Heat exposures were mutually 
adjusted for each other. In additional analyses, we adjusted for female age (<25, 25–29, 
30–34, ≥35 years), female BMI (<25, 25–29, ≥30 kg/m2), and intercourse frequency (<1 
per week, 1 per week, <1 per day, ≥1 daily).  
Given that the male data were collected on a single baseline questionnaire, we 
restricted analyses to the first 3 cycles of follow-up to reduce the effect of changes in heat 
exposures after enrollment. Spermatogenesis takes on average 72 days from start to 
finish,37 which is close in length to 3 cycles of follow-up (~84 days). If a participant 
changed his behavior in response to subfertility, the effects of that change would not be 
seen until the 4th cycle of follow-up at the earliest. Therefore, restricting to the first three 
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cycles of follow-up should reduce differential misclassification of exposure due to 
behavior change. This method of restricting follow-up time has been shown to reduce 
attenuation of FRs in time to pregnancy studies.38 In addition, for the analysis of seat 
heater use, we performed season-specific analyses limited to those months during which 
use would most likely influence fecundability. In this analysis, we examined follow-up 
during February to May to reflect seat heater use from November through February. 
To derive a composite heat variable, we dichotomized each heat variable at a level 
of exposure hypothesized to have a clinically meaningful effect on fecundability and then 
summed the number of variables for which the participant scored in the highest category. 
We created the following etiologically-meaningful exposure levels: laptop usage ≥5 
hours per day, ≥3 saunas per month, ≥3 hot baths per month, any use of tight-fitting 
underwear, sitting >9 hours per day, any fever within the 3 months before baseline, and 
≥3 hours per week of seat heater use during the winter.  
We analyzed the composite heat variable as a categorical (0, 1, 2, 3, and ≥4) 
variable, and further adjusted for the same set of variables above, with the exception of 
previously fathering a child, due to regression model convergence issues.  
We used a Markov chain Monte Carlo method to conduct multiple imputations for 
missing outcome, exposure, and covariate data.  We generated five imputation data sets 
using PROC MI and combined point estimates and standard errors from each data set 
using PROC MIANALYZE.  For the 71 couples (4.9%) with no follow-up data, we 
assigned them one cycle of follow-up and imputed their pregnancy status (yes or no).  
Missingness for covariates ranged from 0.1% (smoking, physical activity) to 1.7% 
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(employment status).  We used the weighted copy method to improve convergence of the 
regression model.39 All analyses were performed in SAS version 9.4.40 
3.3 RESULTS 
A total of 1,698 couples contributed 784 pregnancies during 3,708 observed 
menstrual cycles of attempt time. At baseline, 12.2% of men used a laptop on their laps 
for ≥3 hours on average each day, 6.9% of men reported sauna use, and 7.1% of men 
took hot baths/tubs ≥3 times per month (Table 3.1). Additionally, 24.0% of men reported 
use of seat heaters in winter, 59.3% wore slim fitting briefs/boxers, 15.3% of men 
reported sitting for ≥10 hours per day, and 12.8% of men reported at least one fever 
greater than 100 degrees Fahrenheit within the last three months (Table 3.2). 
 Baseline characteristics associated with the largest number of heat exposures 
included: BMI, which was positively associated with sauna use, time spent sitting, and 
fever; having previously fathered a child, which was positively associated with fever and 
use of saunas and hot baths/tubs; physical activity, which was positively associated with 
use of saunas and hot baths/tubs, and inversely associated with time spent sitting; 
household income, which was positively associated with seat heater use and time spent 
sitting, and inversely associated with fever; and alcohol consumption, which was 
positively associated with sauna use and inversely associated with fever and wearing 
slim-fitting underwear. Several heat factors were positively associated with each other 
(e.g., use of saunas and hot baths/tubs; time spent sitting and laptop use) (Tables 3.1, 3.2). 
 The analysis of laptop use on one’s lap comparing ≥5 vs. <1 hour/day yielded an 
FR of 1.02, (95% CI: 0.78- 1.33). The FR for sauna use was 0.73 (≥3 saunas/month vs. 
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no sauna use: 95% CI: 0.43-1.23). Use of hot baths/yielded an FR of 0.79 when 
comparing ≥3 baths/month vs. no hot baths (95% CI: 0.59-1.06). The FR for use of seat 
heaters during winter for ≥3 hours/day compared with no seat heater use was 0.88 (95% 
CI: 0.69-1.10). After restricting follow-up of seat heater use to February through May, 
during which exposure was hypothesized to have an effect, the corresponding FR was 
0.87 (95% CI: 0.57-1.31). FRs were 1.13 (95% CI: 0.98-1.31) for slim-fitting 
briefs/boxers and 0.98 (95% CI: 0.78-1.22) for alternating slim-fitting and loose 
briefs/boxers, as compared with loose boxers/no underwear.  The FR comparing sitting of 
≥10 vs. <5 hours/day was 0.96 (95% CI: 0.78-1.19). The FR for a fever episode in the 
prior 3 months was 0.98 (95% CI: 0.72-1.32) (Table 3.3). Further adjustment for female 
partner’s age, female partner’s BMI, and intercourse frequency did not substantively alter 
the results (Table 3.3).  Results from the analyses not restricted to the first 3 cycles of 
follow-up generally yielded attenuated FR estimates, particularly for sauna use ≥3 times 
per month (Table 3.5).  
For 1, 2, 3, and ≥4 heat factors, the FRs were 1.14 (95% CI: 0.96–1.35), 1.20 
(95% CI: 0.97–1.48), 0.74 (95% CI: 0.48–1.14), and 0.69 (95% CI: 0.34–1.37), 
respectively (Table 3.4). Similar results were found in the analyses utilizing unrestricted 
follow-up (Table 3.6). 
3.4 DISCUSSION 
In this preconception cohort study, we found small associations for selected 
individual male heat exposures and some evidence of a threshold effect on couple 
fecundability for overall exposure to multiple heat factors. Fecundability tended to 
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decrease slightly after exposure to ≥3 heat factors. When assessing each heat factor 
individually, we found small reductions in fecundability with: sauna use (≥3 times per 
month), hot tub/bath use (≥3 times per month), and winter use of seat heaters (≥3 hours 
per week). In analyses with unrestricted follow-up, results were attenuated.  We found 
little evidence of an association between fecundability and laptop use on one’s lap, type 
of underwear worn, time spent sitting, or fever. Control for known or suspected 
confounders (e.g., alcohol consumption, education) did not appreciably alter the 
associations.   
In the composite heat variable analysis, once a participant was exposed to three 
heat factors, fecundability dropped slightly and continued a downward trend.  Although 
our heat score measure is not a standard measure, and it has not been validated, it 
nonetheless indicates lower fecundability with exposure to multiple heat factors. 
The findings for sauna use are consistent with some studies reporting that sauna 
use can impair spermatogenesis;41,42 however, other studies have found little effect.43–46 
This is most likely due in part to differences in duration and frequency of exposure.  
Our findings regarding the use of hot baths agree with previous studies indicating 
an association between hot bath use and decreased sperm concentration.25,26 They also 
align with a study reporting substantial improvements in sperm motility among men 
assigned to an intervention involving cessation of wet heat exposure.47 
Previous studies have reported an association between time spent sitting and 
increased scrotal temperatures.32,48–51 In our study, sitting alone was not associated with 
decreased fecundability, however when analyzing the effect of winter car seat heater use, 
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we found a slight association with decreased fecundability. Our observation is in 
agreement with other studies that found seat heater use further increased scrotal 
temperatures compared with sitting alone.52,53 
The lack of association between laptop use on one’s lap and fecundability 
conflicts with several studies finding that laptop use can harm spermatogenesis via 
radiation or direct heat stress to the scrotum.54,55 Although laptop use increases testicular 
heat exposure beyond sitting alone and can damage sperm,56 the magnitude of sperm 
damage may not be at a threshold to affect fecundability. Another explanation is that 
PRESTO participants being fairly affluent, might tend to own newer laptops with solid-
state drives and other power improvements associated with cooler operating 
temperatures. Given that we relied on a participant’s recall of their average laptop, non-
differential misclassification of laptop use could have also biased our effect estimates 
toward the null.   
We found little association between underwear type and fecundability.  Previous 
studies have been mixed on this topic,31,49,57–59 with one study finding that tighter-fitting 
underwear was associated with higher scrotal temperatures.57 The temperature difference 
in those studies was small (average 35.8°C for tight-fitting underwear, 35.5°C for boxer 
shorts, and 35.2°C for no underwear). In other studies, tight-fitting underwear was 
associated with lower sperm concentration60 and motile sperm concentration,58 with neck 
and tail abnormalities and sperm DNA damage. One study reported no appreciable 
difference between scrotal temperature or semen parameters comparing tight-fitting 
underwear with boxer shorts.59 Our study agrees with a previous prospective 
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preconception cohort study in which wearing tight-fitting underwear was not associated 
with time-to-pregnancy.30 In that study, however, tight-fitting underwear was adversely 
associated with semen quality, suggesting that poorer semen quality may not translate 
into observable differences in fecundity. 
Fevers can increase overall body temperature, including scrotal temperature; 
however, we found little evidence that fever above 100 degrees (within three months 
before baseline) was appreciably associated with fecundability. Though we specified the 
body temperature at which we defined fever (>100 degrees Fahrenheit), we did not query 
participants about what body temperature they experienced during these episodes, nor did 
we ask about fever duration. Due to these issues, non-differential misclassification of 
fever could have attenuated our effect estimates.  Previous studies have shown 
decrements in sperm quality related to fever duration,61 with longer durations of fever 
being associated with reduced sperm count and motility, and greater DNA damage,62,63 
however these reductions in semen quality may not have translated into a reduction in 
fecundability. 
Our study has limitations. Selection bias is possible given the relatively low 
participation of male partners (i.e., 54% of women invited their male partners to 
participate, and 47% of those invited enrolled). Women were more likely to invite their 
partners if they were married and they or their partners were more educated. Black 
women were less likely to invite their partners. Female and male age, income, and parity 
were not appreciably associated with partner invitation.  Men were more likely to enroll 
if they were younger, more educated, and their partners were more educated. Male 
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partners of Black and Hispanic/Latina women were less likely to enroll. Marital status, 
parity, and income were not appreciably associated with male enrollment.29 Additionally, 
an analysis comparing the results for six perinatal associations in a Danish preconception 
study with similar participation rates and data from the Danish Medical Birth Registry 
found associations that were nearly identical across the two cohorts.64 These findings are 
consistent with two studies examining the effects of low participation rates in prospective 
cohorts.65,66 
We assessed heat exposures only once, at study enrollment.  Many of the heat 
exposures are transient and it is possible that once a couple starts to experience difficulty 
conceiving, men will change behaviors to those perceived as less risky. To reduce this 
potential bias, we restricted analysis to the first three cycles of follow-up; as expected, 
results were slightly stronger than analyses based on complete follow-up.38 Any resulting 
exposure misclassification is expected to be non-differential in regards to time to 
pregnancy (TTP) given the prospective study design. Thus, our results are likely to be 
biased toward the null.  
Our study differed from previous studies of heat exposures in various ways: 1) we 
enrolled men during the preconception period and evaluated TTP prospectively among 
couples along the full fertility spectrum; 2) we did not assess semen quality, a notoriously 
poor surrogate for fertility;12,27–29 3) we evaluated several heat-related exposures and 
combined them into a composite index; 4) our study is the largest yet of male heat 
exposure and fecundability; and 5) we controlled for a wider range of potential 




In this preconception cohort study, we found small inverse associations for sauna 
use, hot tub/bath use, and seat heater use in the winter.  Additionally, we found evidence 
of threshold for overall exposure to multiple heat factors. 
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3.6 TABLES AND FIGURES 
Table 3.1 Age Adjusted Baseline Characteristics of 1,698 Men According to Selected Heat Factors. 
Characteristic  Laptop Usage on Lap per Day Sauna Use Bath Use <1hr 1 hr 2 hrs 3-4 hrs ≥5 hrs Never 1-2/mth ≥3/mth Never 1-2/mth ≥3/mth 





















Male age, years (mean) 31.7 31.4 32.3 31.9 32.5 31.8 30.9 32.9 32.0 30.9 32.3 
Male education, years (mean) 15.3 16 16.1 15.6 15.6 15.4 15.6 14.6 15.5 15.3 15.4 
Total MET, hours/week 
(mean) 32.4 32.8 31 40 31.5 31.9 43.4 45.5 31.4 36 36.4 
Cycles of attempt time at 
study entry (mean) 1.9 1.8 2.1 1.6 1.8 1.9 1.9 1.6 1.9 1.6 2 
Household income <$50,000 
USD, % 19.9 13.4 20.6 19.3 14.9 19.1 12.3 13.8 17.2 18.8 30.8 
Household income 
≥$150,000 USD, % 16.9 20.9 18.2 24.5 24.4 17.7 28.4 16.5 17.2 22.7 15.5 
White, non-Hispanic, % 86.6 84.6 85.5 90.2 73.5 85.8 84 84 87.6 82.7 78.1 
Male alcohol intake: 0 
drinks/week, % 21.7 15.8 17.2 15.8 9.8 19.8 18.5 12.4 20.1 15.8 28.1 
Male alcohol intake: ≥14 
drinks/week, % 13.1 9.5 13.1 14 6.2 12.1 11.6 29.9 11.6 15.5 12.3 
Male BMI <25 m/kg2, %  33.7 44.8 32.3 33.8 29.2 33.6 38 32.4 33.6 33.1 38.7 
Male BMI ≥30 m/kg2, % 29.9 14.9 35.2 32.5 38 30.1 31.2 24.3 30.6 29.6 26.3 
Current smoker, % 13.9 12.4 9 13.1 12.5 13.9 10.3 0 12.7 16.1 11.7 
Former smoker, % 17.4 12.6 13.9 14.9 22.2 16.4 12.6 41.2 17.6 11.9 24.2 
Male sleep duration: <6 
hours/day, % 8.8 10.5 9 13 8.6 9.5 3.6 17.3 8.6 12 10.5 
Male sleep duration: ≥9 
hours/day, % 3.8 1.8 1.9 5.5 2.2 3.5 4.3 0 3.8 4 1.2 
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Job hoursa <30 
hours/week, % 5.4 6.5 7.9 2 5.3 5.6 2.3 0 5.6 3 10.4 
Job hoursa ≥50 
hours/week, % 25.8 31.1 26.9 22.9 30.4 26.2 29.5 32 25 30.5 28.1 
Unemployed, % 5.4 5.3 7.4 5.9 8.2 5.8 7.8 0 5.6 8.2 2.3 
Laptop use on lap <1 
hour/day, %      72.7 65.3 44.4 73.5 69.2 63.6 
Laptop use on lap ≥3 
hours/day, %      6.1 4.2 6.4 6.5 5 3.6 
Sauna never, % 93.8 88.7 93.7 95.4 80.6    97.5 80.2 84.7 
Sauna ≥3/month, % 1.1 5.2 0.3 1.5 7.4    0.7 3.4 8.4 
Bath never, % 70.8 58.5 66.8 75.5 58.1 72.8 21.5 26.2    
Bath ≥3/month, % 7 10.5 10.4 4.2 17.7 7.3 9.4 34.1    
Use seat heaters in winter, % 23.3 19.4 25 33.4 32.9 23.4 33.3 36.9 21.2 32.2 28.2 
Loose boxer, % 28 32.7 32.4 18.6 28.7 28.7 24.3 21.5 29.6 27.2 19.8 
Alternate loose and slim-fit 
boxer, % 12.6 19.7 10.1 9.2 11.4 12 23.2 17.9 11.3 16 16.3 
Slim-fit boxer, % 57.3 46.6 56.3 68.9 58.9 57.2 52.5 50.9 57.1 54.6 62.5 
No underwear, % 1.9 0.9 1.2 3.2 0.9 1.8 0 4 1.6 2.2 1.5 
Sit <5 hours/day, % 24.3 16.3 29.5 22.7 7.6 23.3 22.3 17.8 22.4 24.8 23.3 
Sit  ≥10 hours/day, % 13.7 19 17.4 24.6 30.1 16 12.7 24.6 17.2 13.5 14.5 
Fever within 3 months, % 12.6 13.4 11.7 20.1 12.8 13.4 10.2 4.6 12.2 13.5 21.6 
Previously fathered a 





Table 3.2 Age Adjusted Baseline Characteristics of 1,698 Men According to Selected Heat Factors. 
 Seat Heater Use Type of Underwear Worn 
Time Spent Sitting Per 
Day Fever  












None  <5 hrs  5-9 hrs ≥10 hrs None ≥1 





















Male age, years (mean) 31.6 32.2 31.5 30.9 32.0 33.2 31.5 32.1 31.1 31.8 31.7 
Male education, years (mean) 15.5 15.4 15.7 15.6 15.3 13.6 15 15.6 15.4 15.5 15.3 
Total MET, hours per week 
(mean) 32.3 33.8 29.5 36.1 33.3 42.4 36.2 32.7 27.5 32.9 31.5 
Cycles of attempt time at study 
entry (mean) 1.9 1.7 1.9 1.6 1.9 1.8 2 1.8 1.9 1.8 2.3 
            
Household income <$50,000 
USD, % 20.8 12 17.6 20 18.5 28.4 22.9 18.1 16.1 18.7 20.2 
Household income ≥$150,000 
USD, % 15.7 25.1 17.9 15.1 19.3 11.7 9.1 21.1 19.2 17.9 19 
White, non-Hispanic, % 85.7 85.9 84.9 87.3 85.6 83.3 86.2 85.6 84.8 85.7 85.6 
Male alcohol intake: 0 
drinks/week, % 21.6 14 18.7 20.5 20.5 6.3 22.4 18.9 19 18.9 25.5 
Male alcohol intake: ≥14 
drinks/week, % 13.3 10.1 12 10.8 12.3 35.4 17.2 10.6 12.6 12.7 11.1 
Male BMI <25 m/kg2, %  0.7 0.2 38.9 41.4 29.9 22.8 32 38 21.2 34.6 28.9 
Male BMI ≥30 m/kg2, % 30.9 28 26.8 25.6 31.9 53.7 30.7 26.9 40.8 29.4 34.9 
Current smoker, % 14 11.2 11.9 11.2 14.5 16.2 11.6 13.3 16.6 12.4 20.1 
Former smoker, % 16.3 18 13.8 15.3 17.6 33.5 18.5 15.7 18.9 17.6 11.5 
Male sleep duration: <6 
hours/day, % 9.1 9.7 11.6 10.8 7.7 13.4 12.6 7.3 12.4 9.2 11.3 
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Male sleep duration: ≥9 
hours/day, % 3.6 2.8 3.7 1 3.9 3.5 3 3.7 3.2 3.6 2.4 
Job hoursa <30 hours/week, % 5.6 4.5 4.1 4 5.9 14.1 6.1 5.8 3 5.1 6.9 
Job hoursa ≥50 hours/week, % 26 27.8 25.1 25.7 26.9 37.5 28.6 25.2 28.6 26.8 25.5 
Unemployed, % 6.2 4.9 5.7 3.8 6.1 13.6 5.1 6.3 4.6 5.4 8.7 
Laptop use on lap <1 
hour/day, % 72.6 68 71.1 70.7 72 75.1 75.5 73.3 60.7 72.1 69 
Laptop use on lap ≥3 
hours/day, % 5.3 8.6 4 4.1 7.4 8.4 6.2 5 9.1 5.5 9.2 
Sauna never, % 93.7 89 93.9 87.4 93 89.7 93.6 92.4 92.4 92.3 94.5 
Sauna ≥3/month, % 1.5 3 1.6 3 1.7 4.6 1.3 1.7 3.3 2 0.6 
Bath never, % 72 60.1 72.6 61 69.2 61.6 67.1 68.7 74.4 69.9 63.7 
Bath ≥3/month, % 7.5 9.3 5.6 10.1 8.7 5.8 8.1 8.2 6.7 7.2 12.9 
Use seat heaters in winter, %   22.1 20.5 26.5 18.9 24.5 24 25.6 23.9 27 
Loose boxer, % 29.1 26.2     25.9 27.8 33.8 27.8 31 
Alternate loose and slim-fit 
boxer, % 13.4 10.6     13.7 13 10.7 13.1 10.8 
Slim-fit boxer, % 55.2 61.7     58.2 57.5 52.8 56.8 58 
No underwear, % 1.9 1.4     2.1 1.5 2.1 2 0.1 
Sit <5 hours/day, % 23 23.2 21.1 25 23.6 28.5    22.8 25.2 
Sit  ≥10 hours/day, % 15.9 16.8 19.1 13.8 15 19.1    16.1 15.9 
Fever within 3 months, % 12.7 14.6 14.5 10.3 13.3 0.9 14.2 12.7 12.9   




Table 3.3 Fecundability Ratios for Selected Heat Factors, 3 Cycles of Follow-up PRESTO, 2013-2018. 
  Men Conceptions Cycles Unadjusted   






(95% CI)c Exposure 
   
Laptop usage on lap, 
hours/day 
      
<1 1,204 542 2,636 Reference Reference Reference Reference 
1 155 86 334 1.18 (0.97-1.45) 1.10 (0.89-1.35) 1.10 (0.90-1.36) 1.10 (0.89-1.36) 
2 132 61 284 1.08 (0.85-1.36) 1.07 (0.84-1.36) 1.06 (0.83-1.35) 1.07 (0.84-1.36) 
3-4 101 46 222 0.99 (0.76-1.30) 1.03 (0.79-1.35) 1.01 (0.77-1.33) 1.04 (0.79-1.36) 
≥5 106 49 232 1.03 (0.79-1.35) 1.02 (0.78-1.32) 1.02 (0.78-1.33) 1.06 (0.81-1.38) 
       
Sauna, times per 
month 
      
Never 1,581 733 3,430 Reference Reference Reference Reference 
1-2 86 39 205 0.93 (0.70-1.24) 0.92 (0.69-1.23) 0.92 (0.68-1.24) 0.91 (0.67-1.23) 
≥3 31 12 73 0.75 (0.45-1.26) 0.72 (0.43-1.22) 0.73 (0.43-1.23) 0.75 (0.44-1.27) 
        
Hot Bath, times per 
month 
      
Never 1,173 542 2,547 Reference Reference Reference Reference 
1-2 404 198 881 1.02 (0.88-1.17) 1.05 (0.91-1.21) 1.08 (0.93-1.25) 1.06 (0.91-1.23) 
≥3 121 44 280 0.77 (0.58-1.03) 0.79 (0.60-1.05) 0.79 (0.59-1.06) 0.80 (0.60-1.07) 
        
Use of seat heaters in 
winter 
      
None 1,290 594 2,803 Reference Reference Reference Reference 
0-2 hours per week 245 120 532 1.03 (0.86-1.23) 0.98 (0.82-1.17) 0.98 (0.81-1.17) 0.99 (0.82-1.18) 
≥3 hours per week 163 70 373 0.87 (0.70-1.10) 0.88 (0.70-1.11) 0.88 (0.69-1.10) 0.88 (0.70-1.11) 
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aAdjusted for age, household income, race/ethnicity, education, total METs, alcohol consumption, BMI, cigarette smoking, sleep duration, hours 
worked, unemployed, and previously fathered a child. 
bMutually adjusted for other heat exposures when applicable, including sauna, bath, type of underwear, sitting, fever in previous 3 months, laptop 
usage on lap, and seat heater use during the winter months. 
cFurther adjusted for female age, intercourse frequency, and female BMI. 
dNot adjusted for previously fathered a child. 
  
None – Feb, May 520 200 878 Reference Reference Reference Reference 
0-2 hours per week   
– Feb-Mayd 
109 50 198 1.03 (0.79-1.34) 1.05 (0.80-1.37) 1.03 (0.78-1.36) 1.14 (0.86-1.52) 
≥3 hours per week  
– Feb-Mayd 
70 22 123 0.82 (0.55-1.23) 0.87 (0.58-1.31) 0.87 (0.57-1.31) 0.86 (0.57-1.29) 
       
Type of underwear        
Loose 492 212 1,083 Reference Reference Reference Reference 
Alternate  
loose/slim-fit 
198 88 455 0.96 (0.77-1.20) 0.97 (0.78-1.21) 0.98 (0.78-1.22) 0.98 (0.78-1.22) 
Slim-fit  
 
1,006 484 484 1.12 (0.97-1.30) 1.13 (0.98-1.30) 1.13 (0.98-1.31) 1.12 (0.97-1.29) 
  
Time spent sitting, 
hours/day 
      
<5 413 189 888 Reference Reference Reference Reference 
5- 9 1,026 477 2,252 0.97 (0.83-1.12) 0.94 (0.80-1.09) 0.94 (0.81-1.10) 0.96 (0.82-1.12) 
≥10 259 118 568 0.94 (0.76-1.15) 0.95 (0.77-1.17) 0.96 (0.78-1.19) 0.99 (0.80-1.23) 
  
Fever episode within 3 
months 
      
No 1,496 696 3,248 Reference Reference Reference Reference 
Yes  202    88 460 0.97 (0.72-1.31) 0.98 (0.73-1.32) 0.98 (0.72-1.32) 1.02 (0.77-1.34) 
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Table 3.4 Fecundability Ratios for Heat Score Composite Variables, First 3 Cycles of Follow-up, PRESTO, 
2013-2018.  
Heat Score Type Conceptions Cycles Unadjusted FR (95% CI) 
Adjusted 
FR (95% CI)b 
     
Categoricala     
-  0 heat factors 175 901 Reference Reference 
-  1 heat factors 395 1,751 1.15 (0.97-1.35) 1.14 (0.96-1.35) 
-  2 heat factors 181 824 1.17 (0.95-1.44) 1.20 (0.97-1.48) 
-  3 heat factors 25 183 0.72 (0.47-1.11) 0.74 (0.48-1.14) 
-  ≥4 heat factors 8 49 0.75 (0.38-1.50) 0.69 (0.34-1.37) 
     
Continuous 784 3,708 0.99 (0.92-1.07) 0.99 (0.92-1.07) 
a“Heat factor” defined as ≥3 saunas per month, ≥3 hot baths per month, tight fitting underwear, sitting ≥10 hours per day, fever 
within last 3 months of baseline, laptop use ≥5hours per day, or seat heater use >2 hours/week during winter months. 
bAdjusted for age, household income, race and ethnicity, education, total METs, alcohol consumption, BMI, current smoker, 
former smoker, sleep hours, working hours and unemployment. 
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Table 3.5 Fecundability Ratios for Selected Heat Factors, All Cycles of Follow-up PRESTO, 2013–2018. 
Exposure Men Conceptions Cycles Unadjusted FR (95% CI)  
Adjusted FR 
(95% CI)a  
Adjusted FR (95% 
CI)b    
Laptop usage on lap, 
hours/day 
      
<1 1,204 752 4,875 Reference Reference Reference 
1 155 110 554 1.17 (0.97-1.40) 1.11 (0.92-1.34) 1.12 (0.93-1.36) 
2 132 84 529 1.06 (0.86-1.30) 1.06 (0.86-1.31) 1.06 (0.86-1.31) 
3-4 101 56 407 0.89 (0.69-1.14) 0.93 (0.72-1.20) 0.92 (0.71-1.18) 
≥5 106 64 433 0.97 (0.77-1.23) 0.94 (0.74-1.19) 0.96 (0.76-1.22)        
Sauna, times per month 
      
Never 1,581 988 6,295 Reference Reference Reference 
1-2 86 55 378 0.96 (0.75-1.23) 0.97 (0.75-1.24) 0.96 (0.74-1.24) 
≥3 31 23 125 1.05 (0.73-1.52) 1.03 (0.71-1.49) 1.07 (0.74-1.57) 
       
Hot Bath, times per month 
      
Never 1,173 736 4,700 Reference Reference Reference 
1-2 404 262 1,555 1.01 (0.89-1.15) 1.05 (0.92-1.19) 1.06 (0.93-1.21) 
≥3 121 68 543 0.84 (0.67-1.05) 0.84 (0.66-1.06) 0.83 (0.65-1.05) 
       




   
None 1,290 801 5,146 Reference Reference Reference 
0-2 hours per week 245 164 947 1.06 (0.91-1.23) 1.01 (0.86-1.18) 1.00 (0.85-1.17) 
≥3 hours per week 163 101 101 0.92 (0.76-1.11) 0.91 (0.75-1.10) 0.90 (0.74-1.10) 
    
   
None – Feb, May 691 281 1,741 Reference Reference Reference 
0-2 hours per week –  
Feb-Mayc 
136 60 332 0.99 (0.78-1.27) 0.99 (0.77-1.27) 0.97 (0.76-1.25) 
≥3 hours per week –  
Feb-Mayc 
91 31 235 0.85 (0.61-1.20) 0.84 (0.60-1.19) 0.85 (0.60-1.21) 
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Type of underwear worn 
 
  
   
Loose  492 303 2,041 Reference Reference Reference 
Alternate loose/slim-fit  198 124 868 0.95 (0.78-1.14) 0.95 (0.79-1.15) 0.94 (0.78-1.14) 
Slim-fit  1,006 639 3,873 1.09 (0.96-1.23) 1.09 (0.96-1.23) 1.11 (0.97-1.25) 
 
 




   
<5 413 250 1,567 Reference Reference Reference 
6-9 1,026 653 4,135 0.97 (0.85-1.10) 0.95 (0.83-1.08) 0.95 (0.83-1.09) 
≥10 259 163 1,096 0.93 (0.77-1.11) 0.93 (0.77-1.12) 0.95 (0.79-1.14) 
    
   




   
No 1,496 947 5,905 Reference Reference Reference 
Yes 202 119 893 0.97 (0.75-1.26) 0.97 (0.75-1.26) 0.99 (0.76-1.28) 
aAdjusted for age, household income, race/ethnicity, education, total METs, alcohol consumption, BMI, cigarette smoking, sleep duration, hours 
worked, unemployed, and previously fathered a child. 
bMutually adjusted for other heat exposures when applicable, including sauna, bath, type of underwear, sitting, fever in previous 3 months, laptop 
usage on lap, and seat heater use during the winter months. 
cNot adjusted for previously fathered a child. 
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Table 3.6 Fecundability Ratios for Heat Score Composite Variables, All Follow-up, PRESTO, 2013-2018.  
Heat Score  Conceptions Cycles Unadjusted FR (95% CI) 
Adjusted 
(95% CI)b 
     
Categorical     
-  0 heat factors 254 1,704 Reference Reference 
-  1 heat factors 515 3,114 1.11 (0.96-1.28) 1.11 (0.96-1.29) 
-  2 heat factors 244 1,503 1.13 (0.95-1.34) 1.15 (0.96-1.38) 
-  3 heat factors 40 377 0.81 (0.58-1.12) 0.82 (0.59-1.14) 
-  ≥4 heat factors 13 100 0.82 (0.48-1.40) 0.71 (0.41-1.22) 
     
Continuous 1,066 6,798 0.99 (0.93-1.06) 0.99 (0.93-1.06) 
a“Heat factor” defined as ≥3 saunas per month, ≥3 hot baths per month, tight fitting underwear, sitting ≥10 hours per day, 
fever within last 3 months of baseline, laptop use ≥5hours per day, or seat heater use >2 hours/week during winter months. 
bAdjusted for age, household income, race and ethnicity, education, total METs, alcohol consumption, BMI, current 
smoker, former smoker, sleep hours, working hours and unemployment. 
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4 WORK HOURS, OCCUPATIONAL STRESS AND MALE FECUNDABILITY: 
A PRECONCEPTION COHORT STUDY 
4.1 INTRODUCTION 
 Stress is an important health determinant and may play a vital role in male 
fertility.  Some1–5 but not all6–8 studies have found that psychological stress is associated 
with lower testosterone levels and decreased fertility. One important and often 
understudied source of stress exposure is occupational stress. Previous studies examining 
the influence of occupational stress on fertility have focused primarily on men seeking 
fertility treatment, or the effects of job strain on semen characteristics.2,3,5,9–15 Only two 
studies directly examined the effect of male job strain on fertility, and both found little 
association.6,16 One of these two studies also examined shift work, albeit using a 
population of already pregnant women,16 and the second examined only job control and 
demands.6 Neither of these studies prospectively examined fecundability as an outcome 
measure.  
Total hours worked is one measure of occupational stress that is hypothesized to 
affect fecundability in both extremes.2,9,17 In one retrospective cohort study,14 delayed 
conception was found among women who worked ≥70 hours per week, but not among 
men.  However, the strongest association was found for couples in which both partners 
worked more than 70 hours per week relative to both partners working ≤60 hours/week 
(odds ratio (OR) =2.0, 95% CI: 1.1-3.8) for time to pregnancy (TTP) greater than 7.8 
months (i.e., 75th percentile for cohort).17 Conversely, a cross-sectional study of 1,001 
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men found that working fewer than 40 hours per week was associated with sperm 
morphological defects.2  
An additional source of occupational stress is work outside of normal daytime 
hours, via evening shifts, night shifts or rotating shift work. Shift work has been found to 
disrupt the endogenous circadian timing system, resulting in continuous exposure to 
stress as the body attempts to adjust to the varying work hours.18 This work pattern may 
result in decreased sleep duration and quality. In a cross-sectional study of 568 fertility 
clinic patients, self-reported shift work was associated with reduced semen quality.10 
These results agreed with findings from a case-control study in which shift work was 
associated with male infertility.19 However, several other studies have found little 
association between shift work and male fertility.11,12,16,17  
A third factor associated with occupational stress is employment status. Most of 
the research on unemployment and fertility has focused on women,20,21 and results for the 
effect of employment on male fertility are mixed. In a cross-sectional study examining 
the role of psychosocial stress on semen quality among 744 fertile men, exposure to ≥2 
recent stressful life events (e.g. job loss or unemployment, death of close family member) 
was associated with a 2-fold increased risk of low sperm concentration and sperm 
motility, and abnormal sperm morphology.13 However, in a time trend analysis of 
Japanese fertility, lower employment rates were associated with increased fertility.22 A 
challenge in studying the effect of unemployment on fertility is that pregnancy planning 
may be put on hold when experiencing employment issues, as was found in a study based 
in Denmark and Germany.23 
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Finally, high job strain, roughly defined as occupations with high job burden but 
low decision latitude, have been associated with detrimental health outcomes, such as 
heart disease,24,25 major depressive disorder,26,27 and fertility measures in men.2,9,14,19  
Specifically, two cross-sectional studies reported an association between measures of job 
strain, as measured by self-report and the Subjective Work Characteristics Questionnaire, 
and decreased semen quality.2,14 Another cross-sectional study reported that male 
infertility was associated with measurements of “burnout,” particularly “cognitive 
weariness”.9 A fourth study, a case-control study, reported that higher levels of job stress 
(fairly present or often present vs. no stress) were associated with infertility.19 However, 
one case-control study11 and two cross-sectional studies6,15 found no association between 
job stress, as measured by the Job Content Questionnaire by Karasek et al.,28 and 
measures of fertility. 
In a prospective cohort study of pregnancy planners, we evaluated the extent to 
which male fecundability was associated with selected occupational stressors, including 
employment status, hours worked per week, time of day those hours were worked, and 
job independence. Job independence was estimated using a publicly-available database 
that collected standardized and occupation-specific descriptors for over 1,000 different 




4.2.1 Study design and population 
Pregnancy Study Online (PRESTO) is an ongoing web-based preconception 
cohort study. The study methods have been described in detail elsewhere.29 Briefly, 
women aged 21-45 years residing in the U.S. or Canada, who are actively trying to 
conceive, who are in a stable relationship with a male partner, and who are not using 
contraception or fertility treatment are eligible for participation. Female participants 
complete an online baseline questionnaire with items on demographics, behavioral 
factors, medical and reproductive history, and medication use. After completion of the 
baseline questionnaire, females are given the option to invite their male partners to 
participate. Males aged ≥21 years are eligible. Male participation involves completion of 
a baseline questionnaire similar to the female baseline questionnaire. Females complete 
follow-up questionnaires every 8 weeks for up to 12 months. The study was approved by 
the Institutional Review Board at Boston Medical Center, and online informed consent 
was obtained from all participants.  
4.2.2 Exclusions 
From June 2013 through March 2018, 6,552 eligible women completed the 
baseline questionnaire.  We excluded 82 women whose baseline date of last menstrual 
period (LMP) was >6 months before study entry and 33 women with missing/implausible 
LMP data. We then excluded 1,245 women who had been trying to achieve pregnancy for 
more than 6 cycles at enrollment, to reduce potential for differential exposure 
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misclassification (i.e., subfertility causing changes in behavior). Of the 5,192 remaining 
female participants, 2,818 (54%) invited their male partners to participate, and 1,354 
males (48%) enrolled. 
4.2.3 Assessment of exposure 
On the male baseline questionnaire, participants reported their employment status, 
whether they worked a part-time or full-time job, average number of hours worked each 
week, the time of day they mainly worked (daytime, evening, nights, and changing or 
rotating shifts), and their job title.  To measure job independence, we linked self-reported 
current job title through the Occupational Information Network (O*NET) database, a 
publicly-available database containing standardized and occupational specific measures 
of job requirements, skills, tasks, and other occupational assessments designed by the 
U.S. Department of Labor/Employment and Training Administration.30 Once a job title is 
linked to the O*NET system, a measure of job independence on a scale of 0-100 (with 
100 indicating highest level of job independence) can be found under the sub-heading of 
work values and the specific measure of independence, defined as the following: 
“Occupations that satisfy this work value allow employees to work on their own and 
make decisions. Corresponding needs are Creativity, Responsibility and Autonomy”.30 
Additional investigation using social media (e.g., LinkedIn) was used to gather more 
specific information on those titles that were too ambiguous to accurately categorize by 
title alone (such as “engineer” or “teacher”) (29.7%).  Nearly 16% of job titles remained 
unclassified due to: 1) missing job title (4.3%); 2) a job title that was too ambiguous to 
code (9.5%); and 3) military or other occupations not found in database (2.1%). These 
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titles were marked as missing and the job independence score was derived using multiple 
imputation.31,32 Students (n=156, 11.5%) were classified by their reported job titles, hours 
worked, and what shifts they worked. 
4.2.5 Assessment of outcome 
At baseline, females reported their LMP date, usual menstrual cycle length, and 
the number of cycles they had attempted conception. On each follow-up questionnaire, 
they reported their most recent LMP date and whether they had become pregnant since 
the previous questionnaire. Total discrete menstrual cycles at risk were calculated as 
follows: menstrual cycles of attempt at study entry + [(LMP from most recent follow-up 
questionnaire - date of baseline questionnaire completion)/usual menstrual cycle length] 
+1. Couples contributed observed cycles of attempt time to the analysis from baseline 
until reported conception, loss to follow-up, withdrawal, initiation of fertility treatment, 
or 12 cycles, whichever came first. 
4.2.6 Assessment of covariates 
On the baseline questionnaire, both partners reported their age, race/ethnicity, 
education, height, and weight. On the male baseline questionnaire, men reported on 
physical activity, alcohol intake, smoking history, sleep duration, student status, and 
whether they had previously fathered a child. Household income and frequency of 
intercourse were ascertained from the female baseline questionnaire. Body mass index 
(BMI) was calculated as weight in kilograms divided by height in meters squared. Total 
Metabolic Equivalents of Task (MET) of physical activity were calculated by multiplying 
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the average number of hours per week engaged in various activities by metabolic 
equivalents estimated from the Compendium of Physical Activities.33,34   
4.2.7 Data analysis 
Hours of work were categorized into <20, 21-34, 35-40, 41-50, 51-60, and >60 
hours/ week.  Reported daily hours worked were categorized as daytime shifts only, 
evening shifts only, night shifts only, and changing or rotating shifts. Independence score 
was generated using the above methodology. Finally, the O*NET-derived job 
independence score was divided into quintiles based on the frequency distribution in the 
analytic cohort, yielding categories of <64 (low independence), 64-68, 69-77, 78-81, and 
≥82 (high independence). The independence score was also analyzed as a continuous 
variable and using restricted cubic splines with four knots, to allow for non-linearity.35 
Knot points were based on the 20th, 40th, 60th and 80th percentiles, with corresponding 
scores of 64, 72, 77, and 82. 
Additionally, the number of hours worked per week was analyzed using restricted 
cubic splines with three knots based on the 10th, 50th and 90th percentiles (work durations 
of 35, 40, and 55 hours/week). The data were formatted into an Andersen-Gill structure, 
with one row per at-risk menstrual cycle under observation. This data structure accounts 
for variation in attempt time at study entry and reduces bias from left truncation.36 We 
used proportional probabilities regression models37 to estimate fecundability ratios (FR) 
and 95% confidence intervals (CI) for the association between occupational measures and 
fecundability. The FR represents the ratio of the per-cycle probability of conception (i.e., 
fecundability) in each exposure category compared with the reference category. Using 
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indicator terms for cycle at risk, the proportional probabilities model incorporates the 
baseline decline in fecundability over time.36 
 We selected potential confounders a priori based on the available literature and 
assessment of a causal diagram (Figure 4.3).  Results were adjusted for covariates 
ascertained at baseline, including male age (<25, 25-29, 30-34, ≥35 years), female age 
(<25, 25-29, 30-34, ≥35 years), race/ethnicity (White/non-Hispanic vs. other), highest 
level of education (high school or less, some college, college graduate, graduate school), 
female partner’s education (ordinal categorical), total METs (continuous), alcohol 
consumption (0,1-6,7-13, and ≥14 drinks/week), BMI (<25, 25-29, ≥30 kg/m2), cigarette 
smoking (never, current, and past), sleep duration (<6, 6, 7, 8, ≥9 hours per night), and 
having previously fathered a child. Further control for sugar-sweetened soda intake made 
little difference in the effect estimates and was omitted from final models. We ran 
additional models mutually adjusting for hours worked, time of day worked, and 
independence score. 
Since overweight/obesity, older age, and short sleep duration are strongly 
associated with occupational stress,38–41 we stratified our analyses by BMI (<25, ≥25 
kg/m2), age (<30 vs. ≥30), and sleep duration (<7 vs. ≥7 hours per night) in order to 
examine any possible interactions. Additionally, given that hours worked and non-
daytime shift work would be associated with income, and income is related to fertility as 
a proxy for several factors, we performed mediation analyses to analyze the extent to 
which household income or intercourse frequency mediated associations between hours 
worked or non-day shift work and fecundability.42–44 
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We used a Markov chain Monte Carlo method to multiply-impute missing 
outcome, exposure, and covariate data.31,32 We generated five imputation data sets using 
PROC MI and combined point estimates and standard errors from each data set using 
PROC MIANALYZE.  For the 69 couples without follow-up data, we assigned them one 
cycle of follow-up and imputed their pregnancy status.  Missingness for covariates 
ranged from 0.1% (smoking, physical activity) to 15.6% (independence score).  We used 
the weighted copy method to improve convergence of the regression model.45 All 
statistical analyses were performed in SAS version 9.4.46 
4.3 RESULTS 
 A total of 1,354 couples contributed 855 pregnancies during 5,671 observed 
menstrual cycles of attempt time (Table 4.1).  Hours worked per week was positively 
associated with female partner’s education and inversely associated with intercourse 
frequency.  Daytime shift work was positively associated with higher education, slightly 
higher independence scores, and inversely associated with being a current smoker. 
Rotating shift work was positively associated with hours worked per week, having 
previously fathered a child, with being non-White, and inversely associated with BMI, 
having intercourse at least 4 times per week, and shorter sleep duration (Table 4.1). The 
independence score was positively associated with age, education, female partner’s 
education, and inversely associated with BMI, shorter sleep duration, intercourse 
frequency, and shift work. Being unemployed was positively associated with older age, 
BMI, shorter sleep duration, intercourse frequency, and having previously fathered a 
child.  Being unemployed was positively associated with being Non-White, education, 
		
90 
and alcohol intake (Table 4.2). 
 Hours worked per week showed little association with reduced fecundability in 
the fully-adjusted model. Relative to 35-40 hours worked per week, the FRs and 95% CIs 
for 20, 21-34, 41-50, 51-60, and >60 hours per week were 1.01 (0.69-1.48), 0.90 (0.65-
1.25), 1.11 (0.97-1.28), 1.02 (0.81-1.28), and 1.15 (0.82-1.61), respectively (Table 4.3). 
When we used a spline regression model to examine work duration as a continuous 
measure, results were consistent with the categorical analyses (Figure 4.1). 
FRs for evening, night, and changing/rotating shifts were 0.84 (95%CI: 0.61-
1.15), 0.87 (95% CI: 0.55-1.36), and 0.92 (95% CI: 0.74-1.15), respectively, when 
compared with daytime shifts. A combined measure for all non-daytime shift workers 
yielded an FR of 0.89 (95% CI: 0.75-1.06). The FR for being unemployed was 0.82 (95% 
CI: 0.59-1.15) (Table 4.3). 
The job independence score showed little association with fecundability. 
Comparing the lower four quintiles (<64, 64-68, 69-77, and 78-81) with the highest 
quintile (≥82) yielded FRs of 1.10 (95% CI: 0.88-1.38), 1.06 (95% CI: 0.84-1.33), 1.16 
(95% CI: 0.96-1.40), and 0.97 (95% CI: 0.79-1.21), respectively (Table 4.3). When we 
used a spline regression model to examine job independence as a continuous measure, we 
found similar results (Figure 4.2). 
Mutually adjusting for the three occupational stress related exposures did not 
meaningfully change the estimates of effect (Table 4.3). 
In stratified analyses (Table 4.4) rotating/changing shift work showed a stronger 
inverse association with fecundability (FR=0.55, 95% CI: 0.34-0.89) among participants 
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with a BMI <25 kg/m2. Among men aged <30 years, slightly stronger inverse 
associations were seen for shorter work durations (range of FRs: 0.81-0.87) relative to 
35-40 hours/week, and for unemployment status (FR=0.65, 95% CI: 0.33-1.28), but were 
imprecise (Table 4.4). The inverse association with shift work persisted among men who 
reported sufficient sleep duration (≥7 hours/ night). In fact, the associations were slightly 
stronger: relative to daytime work, FRs were 0.80 (95% CI: 0.51-1.24), 0.75 (95% CI: 
0.37-1.50); and 0.77 (95% CI: 0.55-1.06) for evening, night, and changing/rotating shifts, 
respectively. 
Finally, there was little evidence of mediation in this study. As income or 
intercourse frequency did not appear to mediated the relationship between number of 
hours worked or non-day shift work and fecundability (proportions mediated of <0.05, 
(Table 4.5). 
4.4 DISCUSSION  	 	
In this preconception cohort study, we found some evidence that unemployment 
status and non-daytime shift work were associated with slightly decreased fecundability. 
The inverse association with non-daytime shift work persisted among men who reported 
adequate sleep duration (≥7 hours/day). We found no evidence that hours worked per 
week or occupational independence score were related to fecundability. 
Our null findings for number of hours worked per week tend to agree with 
previous studies. In a cross-sectional study of 1,496 pregnant women in Thailand,17 
delays in conception were observed when both partners worked long hours (>70 hours 
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per week each), but not when just the male partner worked >40 hours/week.  Given the 
retrospective nature of this study, recall bias may have influenced these results.  In a 
cross-sectional study of 1,001 male partners of pregnant women, working <40 hours per 
week was associated with greater sperm morphological defects, but not other semen 
parameters.2 The extent to which alterations in sperm morphology affect fecundity is 
unclear.47–51  
We found that working non-daytime shifts was associated with a small decrease 
in fecundability. This finding agrees with a cross-sectional Norwegian study of 365 men 
undergoing infertility investigations,10 as well as an Egyptian case-control study 
consisting of 255 infertile men and 267 fertile men controls.19 In the Norwegian study, 
self-reported shift work was associated with a higher odds of reduced semen quality, 
classified as low count or low percent normal morphology (OR=1.46, 95% CI: 0.96-
2.40). Additionally, in the Egyptian study, shift work was positively associated with 
infertility (OR=3.60, 95% CI: 1.12-11.57). Our study did not agree with several other 
studies of shift work and male fertility that reported null findings.  In a cross-sectional 
study of pregnant women in Thailand, shift work was not associated with fecundability, 
as measured by fecundity odds ratios (OR=1.0, 95% CI: 0.6-1.6).17 Similarly, a case-
control study of 845 males attending a fertility clinic in Calgary found little association 
between occupational stress and infertility.11 In a prospective U.S. cohort study of 456 
couples discontinuing contraception, investigators found a negligible association between 
shift work and semen quality, as measured using standard clinical semen analyses.12 One 
additional cross sectional study reported evidence that fixed evening and night shifts were 
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associated with longer TTP (OR=0.80 for both), but rotating shifts showed little 
association (OR=0.99).16 The authors hypothesized that their associations could have 
been mediated by intercourse frequency or pregnancy planning, which were not measured 
variables in their study. The present study has addressed these issues by being conducted 
among pregnancy planners and by examining the mediating effects of intercourse 
frequency, though intercourse frequency was not shown to be an important mediator of 
shift work (proportion mediated: 0.03).  
We found no evidence of an association between job independence score and 
fecundability. This result aligns with a case-control study of 944 men who provided 
semen samples at a university fertility clinic.11  In that study, researchers found that self-
reported job strain (reported in categories of “a great deal,” “some,” “hardly any,” 
“none”) showed no evidence of an  association with clinically defined infertility (TTP>12 
months), but that job strain was associated with decreased semen quality (as measured by 
percent progressive sperm, total motile count, morphology, abnormal heads, and coiled 
tail defects).11 Additionally, our results agree with two cross-sectional studies of semen 
parameters (193 and 399 men, respectively), where neither study found an association 
between the Karasek measure of job strain and semen quality as measured by sperm 
concentration, motility, and abnormal morphology.6,15 
Our study accounts for a number of important covariates not previously 
controlled, such as METs, race/ethnicity, intercourse frequency, and previously fathering 
a child. Given that some studies have found job strain to have a deleterious effect on 
semen parameters,2,11,14 it is possible that although semen quality is decreased, it is not 
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substantial enough to alter fecundability.  
In the present study, age was a strong effect-measure modifier of the association 
between hours worked, unemployment and fecundability. It is possible that the burden of 
unemployment, underemployment, or overemployment disproportionately affects those 
who are youngest, who may be just entering the work force, and who have not developed 
coping mechanism for the stress that comes with these issues. Among men older than 30 
years, working shorter hours was associated with improved fecundability, a finding that 
could be a result of higher job autonomy and a lack of the need to work. Job autonomy 
might play a role as lower job autonomy has been linked to other important determinants 
of health that may affect fertility.52–54 Being healthy enough to work longer hours could 
also be an indirect marker of greater health for reproduction. 
This study has a few limitations.  We had only a single measurement of 
occupational exposures, assessed at baseline.  If participants’ work schedules or jobs 
changed during follow-up, we would not have captured that change. Given the 
prospective design of this study, we would expect misclassification of occupational 
measures at baseline to be non-differential with respect to subsequent fertility. 
Additionally, when surveyed in the general populace, the median number of years that 
men had been with their current employer is 4.3 years,55 it is therefore unlikely that a 
large proportion of men switched jobs during this study after completing the baseline 
questionnaire. The measure used to score independence by self-reported job title was 
limited to non-military occupations, which made up 98.0% of our study subjects, and we 
had missing data on 15.6% of our male cohort. Also, there is potential for residual 
		
95 
confounding due to factors not controlled for (or inadequately measured) in the present 
study, such as working multiple jobs.  Another theoretical limitation is selection bias 
stemming from our study’s Internet-based recruitment. Some critics of Internet-based 
recruitment have expressed concern that Internet users and nonusers might differ 
meaningfully from each other. Nonetheless, we consider it unlikely that use of the 
Internet would be associated with the exposures and outcome in this study.  Furthermore, 
even if Internet use were associated with exposure or outcome, it would have to be 
associated with both to alter the associations studied. In our partner Danish preconception 
study, data from the population-based Danish Medical Birth Registry were used to 
compare six perinatal associations from the study with Internet recruitment with the 
corresponding associations measured in the total population of singleton live births in the 
registry. Despite differences in the prevalence of demographic and lifestyle covariates, 
associations were nearly identical56. This finding is consistent with two studies examining 
the effects of low participation rates in cohort studies, which found that low participation 
rates did not meaningfully influence effect estimates.57,58 
Despite these limitations, our study improves on previous studies of occupational 
stress measures and fertility in several ways. We enrolled couples during the early stages 
of a conception attempt, and thus were able to study the full fertility spectrum, limiting 
selection bias that may affect studies of infertile couples.  Additionally, this helped to 
reduce the loss of accuracy due to left truncation of data and reduced recall bias.59–62 
Second, we assessed fecundability as opposed to semen parameters, a notable strength 
given that semen quality has been only weakly associated with fecundability in previous 
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studies.47–51 Finally, by linking job title to job independence via O*NET, we utilized a 
measure of job strain derived from self-reported independence for almost 1,000 
occupations, continually updated from input by those who work within each unique 
occupation. In this preconception cohort study, we found some evidence that 




4.5 TABLES & FIGURES 
Table 4.1 Age Adjusted Baseline Characteristics of 1,411 Men According to Selected Occupational Factors. 
Characteristic Job Hours Worked per Week Shift Worked 1-20 21-34 35-40 41-50 51-60 >60 Daytime Evening Night Rotate 
Number of Men (%)  43 (3) 68 (5) 545 (42) 462 (36) 125 (10) 48 (4) 1051 (81) 66 (5) 42 (3) 132 (10) 
Male age, years (mean) 31.3 30.5 31.5 31.9 32.2 31.6 31.8 31.1 30.9 31.0 
Total MET-hours per week 
(mean) 33.6 35.2 31.4 32.7 37.3 35.5 33.2 35.3 26.3 33.4 
Cycles of attempt time at 
study entry (mean) 2.2 1.8 1.9 1.9 1.8 1.7 1.8 2.6 2.5 2.1 
White, non-Hispanic, % 77.8 89.0 86.7 87.5 93.5 69.5 87.8 83.4 82.5 84.2 
Alcohol ≥14 drinks/wk, % 3.8 11.9 12.0 12.2 12.4 13.1 11.9 11.8 6.8 13.1 
Male BMI <25, m/kg2 %  44.8 40.1 30.5 37.1 30.2 35.5 35.8 25.0 28.4 28.0 
Male BMI ≥30,  m/kg2 % 21.8 33.2 27.2 26.7 34.9 22.2 25.5 32.9 43.5 33.9 
Male education ≥16 yrs, % 61.4 47.9 68.3 75.7 69.0 73.8 74.9 46.5 42.5 54.6 
Partner's education ≥16 yrs, 
% 71.4 56.0 62.4 65.8 71.0 68.8 66.0 60.9 56.7 54.4 
Current smoker, % 23.0 19.2 12.6 9.6 6.1 22.4 9.9 18.6 29.2 15.7 
Former smoker, % 18.0 16.9 18.1 16.5 18.7 7.6 17.4 20.5 8.3 18.7 
Male sleep <7 hours/day, % 48.0 17.0 34.4 30.5 38.7 58.9 30.2 44.6 52.7 49.8 
Male sleep ≥9 hours/day, % 0.0 13.0 3.1 1.7 1.4 1.3 2.4 5.5 5.6 3.2 
Sex 1x month or less, % 0.0 2.0 3.9 3.7 6.1 4.3 3.9 1.4 9.4 3.6 
Sex at least 4x/week, % 31.0 20.1 15.0 15.8 11.2 10.3 15.6 16.6 24.0 12.4 
Previously fathered a child, % 51.3 46.0 41.0 44.0 39.2 32.8 41.7 49.6 39.7 44.9 
Job hours worked per week       43.9 40.8 40.7 46.4 
Daytime shifts, % 62.5 57.1 86.8 83.3 77.5 61.7     
Evening Shifts, % 10.0 12.8 5.1 3.6 6.1 0.0     
Night Shifts, % 14.3 7.9 2.8 2.7 1.4 3.5     
Changing or rotating shifts, % 13.2 22.3 5.3 10.5 15.0 34.8     
Independence score 63.7 70.8 70.5 72.8 73.8 77.3 72.4 67.0 63.9 70.9 
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Table 4.2 Age Adjusted Baseline Characteristics of 1,411 Men According to Selected Occupational Factors.  
Characteristic Independence Score Unemployed <64 64-68 69-77 78-81 ≥82 No Yes 
Number of Men (%)  252 (20) 167 (13) 421 (33) 197 (15) 254 (20) 1,287 (95) 67 (5) 
Male age, years (mean) 31.2 31.7 31.3 31.7 32.5 32.0 34.5 
Total MET-hours per week 
(mean) 29.7 33.6 31.5 36.0 35.9 32.6 31.9 
Cycles of attempt time at study 
entry (mean) 2.3 1.8 1.9 1.6 1.8 1.9 2 
White, non-Hispanic, % 84.1 88.3 87.8 90.2 85.7 87.1 77.9 
Alcohol ≥14 drinks/week, % 9.7 15.2 11.3 13.5 10.7 12.9 6.8 
Male BMI <25, m/kg2 %  27.4 32.3 37.3 30.5 41.2 33.8 30.0 
Male BMI ≥30,  m/kg2 % 34.1 26.0 26.2 26.5 23.3 27.1 40.0 
Male education ≥16 yrs, % 48.9 71.3 70.4 83.1 81.1 71.2 53.2 
Partner's education ≥16 yrs, % 58.2 60.1 63.0 71.9 71.2 63.5 63.6 
Current smoker, % 18.3 13.5 9.8 8.3 9.7 12.4 12.4 
Former smoker, % 19.2 21.2 16.8 13.6 16.3 17.6 29.8 
Male sleep <7 hours/day, % 43.0 34.4 35.1 26.6 29.1 34.0 49.4 
Male sleep ≥9 hours/day, % 4.9 1.8 3.2 0.9 1.5 2.6 9.8 
Sex 1x month or less, % 2.1 4.7 3.4 6.0 4.2 4.3 7.4 
Sex at least 4x/week, % 18.3 18.6 13.7 14.9 13.2 14.0 23.1 
Previously fathered a child, % 48.5 39.8 42.2 37.8 39.4 43.9 53.1 
Job hours worked per week 41.2 43.0 44.0 45.7 44.4   
Daytime shifts, % 70.4 88.0 84.0 79.0 84.0   
Evening Shifts, % 9.4 2.4 4.9 4.2 5.6   
Night Shifts, % 7.2 1.2 2.5 3.3 1.1   
Changing or rotating shifts, % 13.0 8.4 8.7 13.5 9.4   
Independence score               	 	
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Table 4.3 Fecundability Ratios and 95% Confidence Intervals for Selected Occupational Factors, PRESTO, 2013-2018. 
Hours Worked Per Week1 Men Pregnancies Cycles Unadjusted Adjusted2 Mutually Adjusted3 
≤20 hours per week 40 27 173 1.08 (0.75-1.56) 1.01 (0.69-1.48) 1.03 (0.70-1.52) 
21-34 hours per week 70 37 308 0.89 (0.65-1.21) 0.90 (0.65-1.25) 0.93 (0.67-1.29) 
35-40 hours per week 545 333 2,308 Reference Reference Reference 
41-50 hours per week 460 313 1,887 1.18 (1.03-1.35) 1.11 (0.97-1.28) 1.12 (0.97-1.29) 
51-60 hours per week 125 77 506 1.06 (0.85-1.33) 1.02 (0.81-1.28) 1.03 (0.82-1.30) 
>60 hours per week 47 31 186 1.13 (0.82-1.57) 1.15 (0.82-1.61) 1.17 (0.83-1.63) 
       
Shift Work1    
Daytime 1,046 689 4,314 Reference Reference Reference 
Evening 66 37 316 0.79 (0.58-1.07) 0.84 (0.61-1.15) 0.82 (0.60-1.13) 
Nights 45 16 166 0.74 (0.47-1.17) 0.87 (0.55-1.36) 0.87 (0.55-1.37) 
Changing or rotating shifts 130 76 572 0.88 (0.71-1.10) 0.92 (0.74-1.15) 0.91 (0.73-1.14) 
All non-day shifts 241 129 1,054 0.83 (0.70-0.99) 0.89 (0.75-1.06) 0.88 (0.73-1.06) 
       
Independence Score1  
<64 (20th Percentile) 264 147 987 1.02 (0.82-1.26) 1.10 (0.88-1.38) 1.12 (0.89-1.41) 
64 - 68 (21st-33rd Percentile) 167 107 716 1.03 (0.82-1.29) 1.06 (0.84-1.33) 1.04 (0.83-1.31) 
69 - 77 (34th-66th Percentile) 410 274 1,701 1.15 (0.96-1.37) 1.16 (0.96-1.40) 1.18 (0.97-1.43) 
78 - 81 (67th-80th Percentile) 202 125 871 1.02 (0.83-1.26) 0.97 (0.79-1.21) 0.98 (0.79-1.22) 
≥82 (81st Percentile) 244 165 1,093 Reference Reference Reference 
       
Unemployed  
yes 67 37 303 0.76 (0.55-1.05) 0.82 (0.59-1.15) Not Applicable 
no 1,287 818 5,368 Reference Reference Not Applicable 
1Excludes unemployed 
2Adjusted for age, female age, race/ethnicity, education, partner’s SES education, total METs, alcohol consumption, BMI, current smoker, 
past smoker, sleep duration, student status, and previously fathered a child. 




Table 4.4 Stratified Fecundability Ratios and 95% Confidence Intervals for Selected Occupational Factors, PRESTO, 2013–
2018. 
 BMI<25 BMI≥25 Age <30 Age ≥30 
Hours Worked Per Week1,2         
≤20 hours per week 1.04 (0.58-1.87) 0.97 (0.56-1.66) 0.87 (0.48-1.57) 1.31 (0.78-2.21) 
21-34 hours per week 0.64 (0.36-1.12) 1.07 (0.72-1.58) 0.81 (0.51-1.29) 1.04 (0.67-1.61) 
35-40 hours per week Reference Reference Reference Reference 
41-50 hours per week 1.04 (0.82-1.33) 1.14 (0.96-1.37) 1.14 (0.89-1.45) 1.12 (0.94-1.33) 
51-60 hours per week 0.99 (0.66-1.48) 0.97 (0.73-1.29) 0.85 (0.57-1.26) 1.10 (0.83-1.45) 
>60 hours per week 1.13 (0.65-1.99) 1.24 (0.81-1.91) 0.90 (0.48-1.70) 1.29 (0.85-1.93) 
     
Shift Work1,2         
Daytime Reference Reference Reference Reference 
Evening 0.87 (0.45-1.68) 0.82 (0.57-1.18) 1.01 (0.63-1.63) 0.72 (0.47-1.11) 
Nights 1.07 (0.38-3.01) 0.86 (0.48-1.53) 0.95 (0.49-1.87) 0.84 (0.45-1.56) 
Changing or rotating shifts 0.55 (0.34-0.89) 1.16 (0.90-1.50) 0.88 (0.62-1.23) 0.96 (0.71-1.30) 
     
Independence Score1,2       
<64 (20th Percentile) 0.79 (0.52-1.21) 1.36 (1.02-1.83) 1.00 (0.70-1.44) 1.17 (0.87-1.57) 
64 - 68 (21st-33rd Percentile) 0.87 (0.57-1.32) 1.22 (0.91-1.64) 1.20 (0.76-1.89) 1.01 (0.74-1.37) 
69 - 77 (34th-66th Percentile) 0.98 (0.74-1.31) 1.38 (1.09-1.76) 0.93 (0.67-1.31) 1.27 (1.01-1.60) 
78 - 81 (67th-80th Percentile) 0.70 (0.48-1.03) 1.23 (0.94-1.61) 1.18 (0.83-1.70) 0.87 (0.66-1.15) 
≥82 (81st Percentile) Reference Reference Reference Reference 
     
Unemployed2       
yes 1.13 (0.66-1.96) 0.73 (0.48-1.11) 0.65 (0.33-1.28) 0.92 (0.62-1.36) 
no Reference Reference Reference Reference 
1Excludes unemployed 
2Adjusted for age, female age, race/ethnicity, education, partner’s SES education, total METs, alcohol consumption, BMI, current smoker, 
past smoker, sleep duration, student status, and previously fathered a child. 	 	
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Table 4.5 Mediation analysis controlling for age, female age, race and ethnicity, education, partner’s education, total METs, 
alcohol consumption, current smoker, past smoker, sleep hours, and previously fathering a child. 
 
Exposure Mediator Natural Indirect Effect FR (95% CI)1 
Natural Direct Effect 
FR (95% CI)1 
Proportion 
Mediated 
Hours Worked ≥50 Income ≥ 100K 1.00 (0.97-1.02) 1.11 (0.97-1.28) 0.00 
     
Hours Worked ≥50 Intercourse Frequency ≥ 4 times per week 1.00 (0.99-1.00) 1.11 (0.98-1.27) 0.00 
     
Shift Work - Any Income ≥ 100K 1.00 (0.99-1.01) 0.89 (0.74-1.06) 0.03 
     
Shift Work - Any Intercourse Frequency ≥ 4 times per week 1.00 (0.99-1.00) 0.90 (0.74-1.06) 0.03 
1Adjusted for age, female age, race/ethnicity, education, partner’s SES education, total METs, alcohol consumption, BMI, current smoker, past 





Table 4.6. Fecundability Ratios and 95% Confidence Intervals for Selected Occupational Factors, Excluding Students, 
PRESTO, 2013–2018. 
Hours Worked Per Week1 Men Pregnancies Cycles Unadjusted Adjusted2 
≤20 hours per week 18 14 79 1.24 (0.73-2.09) 1.36 (0.77-2.37) 
21-34 hours per week 52 27 225 0.95 (0.66-1.37) 0.97 (0.67-1.40) 
35-40 hours per week 491 239 2,088 Reference Reference 
41-50 hours per week 435 299 1,762 1.24 (1.07-1.43) 1.17 (1.01-1.35) 
51-60 hours per week 112 68 468 1.06 (0.83-1.34) 0.99 (0.78-1.27) 
>60 hours per week 45 30 174 1.19 (0.85-1.66) 1.22 (0.87-1.72) 
      
Shift Work1   
Daytime 943 620 3,870 Reference Reference 
Evening 53 28 259 0.75 (0.52-1.07) 0.77 (0.53-1.11) 
Nights 39 14 148 0.73 (0.45-1.19) 0.86 (0.53-1.40) 
Changing or rotating shifts 118 69 519 0.89 (0.71-1.12) 0.95 (0.75-1.19) 
All non-day shifts 210 111 926 0.83 (0.69-1.00) 0.89 (0.73-1.07) 
      
Independence Score1 
<64 (20th Percentile) 228 126 837 1.03 (0.81-1.31) 1.11 (0.88-1.42) 
64 - 68 (21st-33rd Percentile) 157 98 678 1.02 (0.79-1.33) 1.06 (0.81-1.37) 
69 - 77 (34th-66th Percentile) 376 248 1,545 1.17 (0.96-1.42) 1.19 (0.98-1.46) 
78 - 81 (67th-80th Percentile) 175 109 739 1.05 (0.84-1.31) 1.00 (0.80-1.25) 
≥82 (81st Percentile) 217 150 997 Reference Reference 
      
Unemployed 
yes 49 26 244 0.68 (0.47-0.98) 0.74 (0.50-1.08) 
no 1,153 731 4,796 Reference Reference 
1Excludes unemployed 
2Adjusted for age, female age, race/ethnicity, education, partner’s SES education, total METs, alcohol consumption, BMI, current smoker, past 
smoker, sleep duration, and previously fathered a child.	  
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Figure 4.1 Average hours worked using restricted cubic splines with 3 knots at 35, 40, and 55 hours/week, controlling for age, 
female age, race and ethnicity, education, partner’s education, total METs, alcohol consumption, current smoker, past smoker, 





Figure 4.2 Independence score using restricted cubic splines with 4 knots at independence scores of 64, 72, 77, and 82, 
controlling for age, female age, race and ethnicity, education, partner’s education, total METs, alcohol consumption, current 











1.  Negro-Vilar A. Stress and other environmental factors affecting fertility in men 
and women: Overview. In: Environmental Health Perspectives. ; 1993. 
doi:10.1289/ehp.93101s259 
2.  Auger J, Eustache F, Andersen AG, et al. Sperm morphological defects related to 
environment, lifestyle and medical history of 1001 male partners of pregnant women 
from four European cities. Hum Reprod. 2001. doi:10.1093/humrep/16.12.2710 
3.  Giblin PT, Poland ML, Moghissi KS, Ager JW, Olson JM. Effects of stress and 
characteristic adaptability on semen quality in healthy men. Fertil Steril. 1988. 
doi:10.1016/S0015-0282(16)59663-0 
4.  Mcgrady A V. Effects of Psychological Stress on Male Reproduction: A Review.; 
1984. 
5.  Li Y, Lin H, Li Y, Cao J. Association between socio-psycho-behavioral factors 
and male semen quality: Systematic review and meta-analyses. Fertil Steril. 2011. 
doi:10.1016/j.fertnstert.2010.06.031 
6.  Hjollund NHI, Bonde JPE, Henriksen TB, Giwercman A, Olsen J. Job strain and 
male fertility. Epidemiology. 2004. doi:10.1097/01.ede.0000100290.90888.4a 
7.  Fenster L, Katz DF, Wyrobek4 AJ, et al. Effects of Psychological Stress on 
Human Semen Quality. Vol 18. doi:10.1111/j.1939-4640.1997.tb01900.x 
8.  Wesselink AK, Hatch EE, Rothman KJ, et al. Perceived Stress and Fecundability: 




9.  Sheiner EK, Sheiner E, Carel R, Potashnik G, Shoham-Vardi I. Potential 
association between male infertility and occupational psychological stress. J Occup 
Environ Med. 2002. doi:10.1097/00043764-200212000-00001 
10.  Irgens K, Msc ;, Ulstein. The Effect of Male Occupational Exposure in Infertile 
Couples in Norway. Orig Artic J Occup Environ Med Issue. 1999;41(12):1116-1120. 
http://ovidsp.tx.ovid.com.ezproxy.bu.edu/sp-3.22.1b/ovidweb.cgiof8. 
11.  Bigelow PL, Canada A, Jarrell J, Young MR, Keefe TJ, Love EJ. Association of 
Semen Quality and Occupational Factors: Comparison of Case-Control Analysis and 
Analysis of Continuous Variables. Vol 69.; 1998. 
12.  Eisenberg ML, Chen Z, Ye A, Buck Louis GM. Relationship between physical 
occupational exposures and health on semen quality: Data from the Longitudinal 
Investigation of Fertility and the Environment (LIFE) study. Fertil Steril. 2015. 
doi:10.1016/j.fertnstert.2015.02.010 
13.  Gollenberg AL, Liu F, Brazil C, et al. Semen quality in fertile men in relation to 
psychosocial stress. Fertil Steril. 2010. doi:10.1016/j.fertnstert.2008.12.018 
14.  Jurewicz J, Radwan M, Merecz-Kot D, et al. Occupational, life stress and family 
functioning: Does it affect semen quality? Ann Hum Biol. 2014. 
doi:10.3109/03014460.2013.849755 
15.  Janevic T, Kahn LG, Landsbergis P, et al. Effects of work and life stress on 
semen quality. Fertil Steril. 2014. doi:10.1016/j.fertnstert.2014.04.021 




17.  Tuntiseranee P, Olsen J, Geater A, Kor-anantakul O. Are long working hours and 
shiftwork risk factors for subfecundity? A study among couples from southern Thailand. 
Occup Environ Med. 1998. doi:10.1136/oem.55.2.99 
18.  Costa G. Shift work and occupational medicine: an overview. Occup Med (Lond). 
2003;53(2):83-88. 
19.  El-Helaly M, Awadalla N, Mansour M, El-Biomy Y. Workplace exposures and 
male infertility - A case-control study. Int J Occup Med Environ Health. 2010. 
doi:10.2478/v10001-010-0039-y 
20.  Adsera A. Vanishing Children: From High Unemployment to Low Fertility in 
Developed Countries. Am Econ Rev. 2005;95(2):189-193. 
21.  Menendez A, Adsera A. Fertility changes in Latin America in the context of 
economic uncertainty. Popul Stud. 2013;65(1):37-56. 
doi:10.1080/00324728.2010.530291 
22.  Raymo JM, Shibata A. Unemployment, Nonstandard Employment, and Fertility: 
Insights From Japan’s “Lost  20 Years”. Demography. 2017;54(6):2301-2329. 
doi:10.1007/s13524-017-0614-y 
23.  Kreyenfeld M, Andersson G. Socioeconomic differences in the unemployment 
and fertility nexus: Evidence from  Denmark and Germany. Adv Life Course Res. 
2014;21:59-73. doi:10.1016/j.alcr.2014.01.007 
24.  Kivimäki M, Head J, Ferrie JE, et al. Work stress, weight gain and weight loss: 
Evidence for bidirectional effects of job strain on body mass index in the Whitehall II 
study. Int J Obes. 2006. doi:10.1038/sj.ijo.0803229 
		
109 
25.  Kuper H, Marmot M. Job strain, job demands, decision latitude, and risk of 
coronary heart disease within the Whitehall II study. J Epidemiol Community Health. 
2003;57(2):147-153. 
26.  Ahola K, Honkonen T, Kivimaki M, et al. Contribution of burnout to the 
association between job strain and depression: the health 2000 study. J Occup Environ 
Med. 2006;48(10):1023-1030. doi:10.1097/01.jom.0000237437.84513.92 
27.  Stansfeld SA, Shipley MJ, Head J, Fuhrer R. Repeated job strain and the risk of 
depression: longitudinal analyses from the Whitehall II study. Am J Public Health. 
2012;102(12):2360-2366. doi:10.2105/AJPH.2011.300589 
28.  Karasek R, Brisson C, Kawakami N, Houtman I, Bongers P, Amick B. The Job 
Content Questionnaire (JCQ): an instrument for internationally comparative assessments 
of psychosocial job characteristics. J Occup Health Psychol. 1998;3(4):322-355. 
doi:10.1037/1076-8998.3.4.322 
29.  Wise LA, Rothman KJ, Mikkelsen EM, et al. Design and Conduct of an Internet-
Based Preconception Cohort Study in North America: Pregnancy Study Online. Paediatr 
Perinat Epidemiol. 2015;29(4):360-371. doi:10.1111/ppe.12201 
30.  Occupational Information Network. O*NET Resource Center. 
https://www.onetonline.org/. Accessed July 18, 2018. 
31.  Sterne JAC, White IR, Carlin JB, et al. Multiple imputation for missing data in 
epidemiological and clinical research: potential and pitfalls. BMJ. 2009. 
doi:10.1136/bmj.b2393 
32.  Schafer JL. Multiple imputation A primer. Stat Methods Med Res. 1999;8(1):3-15. 
		
110 
33.  Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of physical activities: 
an update of activity codes and MET intensities. Med Sci Sports Exerc. 2000;32(9 
Suppl):S498-504. 
34.  McKinnon CJ, Hatch EE, Rothman KJ, et al. Body mass index, physical activity 
and fecundability in a North American preconception cohort study. Fertil Steril. 
2016;106(2):451-459. doi:10.1016/j.fertnstert.2016.04.011 
35.  Durrleman S, Simon R. Flexible regression models with cubic splines. Stat Med. 
1989. doi:10.1002/sim.4780080504 
36.  Therneau T, Grambsch P. Modeling Survival Data: Extending the Cox Model. 
New York, NY: Springer-Verlag; 2000. 
37.  Weinberg CR, Wilcox AJ, Baird DD. Reduced fecundability in women with 
prenatal exposure to cigarette smoking. Am J Epidemiol. 1989. 
doi:10.1093/oxfordjournals.aje.a115211 
38.  Åkerstedt T. Psychosocial stress and impaired sleep. Scand J Work Environ Heal. 
2006. doi:10.5271/sjweh.1054 
39.  Gu GZ, Yu SF, Zhou WH, Wu H, Kang L, Chen R. [Sleep quality and 
occupational stress relationship analysis of 1413 train drivers in a railway bureau]. 
Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. 2017;35(7):514-518. 
doi:10.3760/cma.j.issn.1001-9391.2017.07.010 
40.  Sethi J, Sandhu JS, Imbanathan V. Effect of Body Mass Index on work related 
musculoskeletal discomfort and occupational stress of computer workers in a developed 




41.  Kouvonen A, Kivimaki M, Cox SJ, Cox T, Vahtera J. Relationship between work 
stress and body mass index among 45,810 female and male employees. Psychosom Med. 
2005;67(4):577-583. doi:10.1097/01.psy.0000170330.08704.62 
42.  VanderWeele TJ. Causal mediation analysis with survival data. Epidemiology. 
2011. doi:10.1097/EDE.0b013e31821db37e 
43.  Vanderweele TJ. Mediation and Mechanism Keywords Causal Inference • 
Counterfactual • Direct and Indirect Effects • Mechanism • Mediation • Sufficient Cause. 
Vol 24.; 2009. http://about.jstor.org/terms. 
44.  VanderWeele T. Mediation Analysis: A Practitioner’s Guide.; 2016. 
doi:10.1146/annurev-publhealth-032315-021402 
45.  Deddens JA, Petersen MR. Approaches for estimating prevalence ratios. Occup 
Environ Med. 2008;65(7):481,501-506. doi:10.1136/oem.2007.034777 
46.  SAS. 2014. 
47.  Bonde JPE, Ernst E, Jensen TK, et al. Relation between semen quality and 
fertility: A population-based study of 430 first-pregnancy planners. Lancet. 1998. 
doi:10.1016/S0140-6736(97)10514-1 
48.  Buck Louis GM, Sundaram R, Schisterman EF, et al. Semen quality and time to 
pregnancy: the Longitudinal Investigation of Fertility  and the Environment Study. Fertil 
Steril. 2014;101(2):453-462. doi:10.1016/j.fertnstert.2013.10.022 
49.  Slama R, Eustache F, Ducot B, et al. Time to pregnancy and semen parameters: a 




50.  Irvine DS. Epidemiology and aetiology of male infertility. Hum Reprod. 1998;13 
Suppl 1:33-44. 
51.  Loft S, Kold-Jensen T, Hjollund NH, et al. Oxidative DNA damage in human 
sperm influences time to pregnancy. Hum Reprod. 2003;18(6):1265-1272. 
52.  Amick BC 3rd, McDonough P, Chang H, Rogers WH, Pieper CF, Duncan G. 
Relationship between all-cause mortality and cumulative working life course 
psychosocial and physical exposures in the United States labor market from 1968 to 
1992. Psychosom Med. 2002;64(3):370-381. 
53.  Robert K. Lower health risk with increased job control among white collar 
workers. J Organ Behav. 2006;11(3):171-185. doi:10.1002/job.4030110302 
54.  Enns V, Currie S, Wang J. Professional autonomy and work setting as 
contributing factors to depression and  absenteeism in Canadian nurses. Nurs Outlook. 
2015;63(3):269-277. doi:10.1016/j.outlook.2014.12.014 
55.  Bureau of Labor Statistics. Employee Tenure 2018.; 2018. 
https://www.bls.gov/news.release/tenure.nr0.htm. 
56.  Hatch EE, Hahn KA, Wise LA, et al. Evaluation of Selection Bias in an Internet-
based Study of Pregnancy Planners. Epidemiology. 2016;27(1):98-104. 
doi:10.1097/EDE.0000000000000400 
57.  Nohr EA, Frydenberg M, Henriksen TB, Olsen J. Does low participation in cohort 




58.  Nilsen RM, Vollset SE, Gjessing HK, et al. Self-selection and bias in a large 
prospective pregnancy cohort in Norway. Paediatr Perinat Epidemiol. 2009;23(6):597-
608. doi:10.1111/j.1365-3016.2009.01062.x 
59.  Schisterman EF, Cole SR, Ye A, Platt RW. Accuracy loss due to selection bias in 
cohort studies with left truncation. Paediatr Perinat Epidemiol. 2013;27(5):491-502. 
doi:10.1111/ppe.12073 
60.  Joffe M, Key J, Best N, Keiding N, Scheike T, Jensen TK. Studying time to 
pregnancy by use of a retrospective design. Am J Epidemiol. 2005;162(2):115-124. 
doi:10.1093/aje/kwi172 
61.  Weinberg CR, Baird DD, Wilcox AJ. Sources of bias in studies of time to 
pregnancy. Stat Med. 1994;13(5-7):671-681. 
62.  Baird DD, Weinberg CR, Schwingl P, Wilcox AJ. Selection bias associated with 









In this dissertation, we examined the association between depression, heat, and 
stress related exposures with fertility in a North American prospective preconception 
cohort study.1 Overall, we found some evidence of an association between all three types 
of exposures and lower fertility; however, associations were weak. 
In the first study, we found that depression, both defined via history of a diagnosis 
as well as through current depressive symptoms using the Major Depression Inventory, 
showed evidence of an association with decreased fecundability.  However, these 
findings were also compatible with chance. Current psychotropic medication and 
antidepressant use also showed evidence of an association with decreasing fecundity. 
This association was stronger among those with current depressive symptoms. Although 
we recruited subjects at or near the beginning of a conception attempt, we were still 
concerned that our results might be due to reverse causation, with fertility issues causing 
a rise in depressive symptoms. Previous studies that examined depression had been 
unable to establish whether depression was an antecedent or subsequent in relation to 
infertility issues.2–6 Therefore, in order to better establish temporality, we performed two 
additional analyses. First, we stratified by cycles of attempt at study entry.  Within the 
strata who had been attempting for <3 cycles at study entry, we found very similar though 
less precise results.  Second we restricted analysis to those men without a history of 
fertility issues. The results from this analysis mirrored those of the unrestricted analysis. 
Additionally, it is possible that these exposures changed over time, and given that the 
exposures were collected at a single point in time it is possible that our study could suffer 
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from exposure misclassification. To examine whether this was the case, we performed an 
analysis restricted to the first 3 cycles of follow-up. Here we found similar results to the 
analysis using complete follow-up. 
 In the second study, we examined the association between heat exposures and 
fecundability. In order to control for any potential changes in heat exposure due to 
subfertility, this analysis was restricted to the first three cycles of follow-up.7 We 
observed small inverse associations for sauna use, hot tub/bath use, and seat heater use in 
the winter.  We found little evidence of an association with laptop use on lap, underwear 
worn, time spent sitting, or fever within the last three months. In this study we attempted 
to create a composite heat exposure variable. And although our heat score measure is not 
a standard measure, and it has not been validated, it nonetheless indicated lower 
fecundability with exposure to multiple heat factors. 
In the third study, we examined the role that occupational stress played in male 
fertility.  We found some evidence that unemployment status and working non-daytime 
shifts was associated with a decrease in fecundability. We found a lack of evidence 
linking hours worked and the independence level of an occupation with changes in 
fecundability. Although we only collected information on occupational exposure at a 
single time, we are fairly confident in our results given that the median number of time 
men had been with their employer was 4.3 years,8 meaning that very little turnover of 
occupation would be expected during at most 12 cycles of follow-up. Additionally, our 
measure of job independence was derived from self-reported independence for almost 




In conclusion, we observed weak associations between depression, depressive 
symptoms, psychotropic medication use, sauna use, hot tub/bath use, seat heater use in 
the winter, unemployment, and working non-daytime shifts in men with couple 
fecundability.  These results help identify and quantify understudied risk factors for 
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